CHBHX|ZEDI8Y5IK] @ Vol.25, No.3, 1995

EFFECT OF LIPOPOLYSACCHARIDE AND INTERFERON-y ON THE
FORMATION OF OSTEOCLAST-LIKE MULTINUCLEATED CELL
FROM CHICKEN BONE MARROW CELLS IN VITRO

Hong-Kyun Oh, Jung-Keun Kim, Jae-Hyun Lee
Dept. of Periodontolog, School of Dentistry, Dankook University

I. Introduction

Osteoclasts are derived from mononuclear
hematopoietic stem cell” and are the major
cells responsible for regulation of serum cal-
cium concentration by bone resorption”. The
formation of osteoclast can be distinguished
in three stage”. In early stage, the early osteo-
clast progenitors do not express tartrate-resi-
stant acid phosphatase and are proliferated”.
At the second stage, the early and late form
of osteoclast precursors can be separated base
upon their acquistion of tartrate-resistand acid
phosphatase positivity”®. In maturation stage,
the mature multinucleated osteoclasts are for-
med by fusion of late precursor. Many resear-
ches for examining the formation of osteoc-
last-like multinucleated cells(tMNCs) were
developed™*?.

Osteoclast has a morphological features
which enable to resorb bone. It is a large,
multinucleated, polarized cell and have rich
mitochondria, rough endoplasmic reticulum,
lysosomal enzyme, multiple Golgi complex,
coated transport vesicle. It’s surface is divided
into three different functional area®. Basolate-
ral membrane acts as active transport of the
products of bone resorption to extracellular

659

fluidm, and clear zone is a site to attach tightly
to the bone surface that is to be resorbed.
At last, ruffled border is sites that carries out
the resorption process itself.

Lipopolysaccharide (LPS) is a component
of gram negative bacterial cell wall. [n human
periodontal disease, LPS is related to pathway
for bone resorption'. It was suggested that
LPS enhanced osteoclast formation in vitro'*
13)

Interferon-y is a glycoprotein secreted by
activated lymphocyte, fibrolbast and monocy-
tes" >, The function of IFN-y were known
to have antiviral and immuno-defence effect'®
'”_ It has been shown that interferon-y inhibi-
ted collagen osteoclast and 1.25(0OH). vitamin
Ds-stimulated osteoclast production in osteob-
last cultures, and increased alkaline phospha-
tease activity in human osteoblast'**’, Joshi-
hara R. et al. suggested that interferon-y dec-
reases DNA synthesis in human osteoblasts™.

Many studies suggest that immune cells in
the bone marrow play a role in bone formation
and resorption. Studies with monokines and
lymphokine have been shown that interleukin-
1% tumor necrosis factor a and p* stimu-
late osteoclastic bone rersorption in vitro. It
has been shown that interferon-y inhibited



bone resorption stimulated by cytokines, such
as tumer necrosis factor o,f, interleukin-1*%
It was also suggested that prostaglandin-
mediated and parathyroid hormone-induced
bone resorption was inhibited by interferon-
y in cultured neonatal mouse calvaria®.

In this study, we studied the effect of inter-
feron-y(IFN-y) and lipopolysaccharide (LPS)
on the formation of osteoclast-like multinuc-
leated cell from chicken bone marrow cell in
culture.

I, Materials and methods

1. Isolation and purification of mononuc-

leated cell from chick embryo

16~19 days old white leg horn chick emb-
ryo was used to collect the osteoclast precur-
sors. Eggs were disinfected with 70% beta-
dine solution and washed with 70% alcohol
solution. After sacrifiece, both tibia were quic-
kly seperated and placed into ice-cold 60mm
culture dish with medium 199, containing 10%
fetal bovine serum(FBS, Gibco). Longitudinal
section of tibia was performed to exposure
the medullary bone. Splitted tibia were remo-
ved by vibrating for 3 to 5 minutes. The reslu-
ting cell suspension was filtracted by 8 um
pore size filter to removed bone fragment and
already differentiated osteoclast. The filtrated
cell suspension was centrifused to collecte the
bone marrow cell and then serum free media
were sucked and media change with M-199
containg 10% FBS were followed. The cell
suspension was incubated to attach differen-
tiated osteoclast at 37C. After 2hrs non-adhe-
rent cells were collected.

2. Bone marrow cell culture and treat-
ment.
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The bone marrow cells were cultured in
M-199 (Gibco) buffered with 25mM HEPES,
containing 10% heat-inactivated fetal bone se-
rum(FBS), penicillin (100 units/ml) and stre-
ptomycin (50ug/ml) (Gibco) at 8X10° cells
/well in 24 well plates(Falcon). The cultures
were fed by replacing 0.5ml old medium with
fresh M-199 the next day. All cultures were
maintained in a humidified atmosphere of 5%
CO: in air at 37C.

To examine the number of TRAP (+) mul-
tinucleated osteoclat-like cell, 50, 205, 500U/
ml of interferon-y were added at 7 days of
culture. And then, maintained for 7 days.

3. Tartrate-resistant acid phosphatase
(TRAP) staining and cell couning

After 7 days of treatment, the medium was
removed. The cells were washed with PBS.
and then fixed with citrate-acetone-formadle-
hyde fixative for 10 sec. The cells were rinsed
3 times in prewarmed DDW. and then, tart-
rate-resistant acid phosphatase (TRAP) stai-
ning was performed using an acid phosphatase
kit (Sigma, st. Louis, MO). Fast Garnet GBC
base solution(0.25ml) and sodium nitrite so-
lution (0.25ml) were added into microtube.
The solution was mixed by gentle inversion.
Prewarmed D.D.W.(18ml), diazotized fast ga-
rnet GBC solution(0.4ml), naphthol AS-BI
phosphate solution(0.2ml), acetate solution(0.
8ml) and tartrate solution(0.4ml) were added
into 50ml tube and mixed by gentle inversion.
The mixing solution was added 0.8 ml/well
to TRAP(+) stain in 24 well plates. The 24-
well plates incubates for 1 hr. in 37C incubator
protected from light with shaking. After 1 hr,,
the plates were rinsed thoroughly in D.D.W.
and air dried.

After staining, TRAP(+) multinucleated
cells were evaluated microscopically. The cells



having more than three nuclei per cell were
counted as osteoclast-like multinucleated cells
(MNCs).

4. Statistical method.

Sample mean and standard error were cal-
culated for all results. The paired Student’s
t-test were used to compare the results.

Ill. Results

1. The effect of LPS on the formation of
TRAP(+) MNCs in the chick bone marrow
cell culture.

After 0, 0.1, 0.5, and 1 pg/ml of LPS were
added in the M-199 and chick bone marrow
cells were cultured for 7 days. 0.1 pg/ml of
LPS showed increased tendency on the num-

Table 1. The effect of LPS on the formation
of TRAP(+) MNCs

ber of TRAP(+) MNCs. Otherwise, 0.5 and
1.0 pyg/ml of LPS showed decreased number
of TRAP(+) MNCs significantly (P<0.05,
P<0.01). (Table 1 and Fig. 1)

2. The effect of IFN-y on the formation
of TRAP(+) MNCs in the chick bone marrow
cell culture

After 0, 50, 250, and 500 U/ml of IFN-y
were added in the M-199 and chick bone mar-
row cells were cultured for 7 days. The num-
ber of TRAP(+) MNCs were decreased by
the addition of 50 and 500 U/ml of IFN-y (Ta-
ble 2 and Fig. 2).

Table 2. The effect of IFN-y on the formation
of TRAP(+) MNCs

Treatment | No. of TRAP(+) MNCs/well
0 14.17 + 3.16
LPS 50 9.67 £ 3.53
(pg/mb | 250 13.50 + 5.01
500 8.00 + 243

Treatment No. of TRAP(+) MNCs/well
0 14.00 + 3.25
LPS 0.1 21.00 + 4.18
(ug/mD) | 0.5 450 + 1.59*
11 3.20 + 1.59**

Value are Mean + SE *P<0.05, P**<0.01
MNCs : mulitucleatd cekks
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Fig. 1. The eff of LPS on the formation of
TRAP(+) MNCs
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cells

ONIN (+)dVU.L J0 ON

50

250

IFN-v (U/ml)
Fig. 2. The effect of IFN-y on the formantion
of TRAP(+) MNCs in the chick bone marrow
cell cluture.
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3. The effect of LPS and IFN-y on the for-
mation of TRAP(+) MNCs in the chick bone
marrow cell culture

After 0.1 yg/ml of LPS and various concent-
ration of [FN-y were added in the M-199, the
chick bone marrow cells were cultured for
7 days. Te number of TRAP(+) MNCs were
decreased significantly by 250 and 500 U/ml
of IFN-y (P\0.05) (Table 3 & Fig. 3).

Table 3. Effect of LPS and IFN-y on the for-
mation of TRAP(+) MNCs

Treatment | No. of TRAP(+) MNCs/well
0 25.83 + 491
LPS 50 2283 + 5.77
(pg/ml) | 250 12.00 + 2.79
500 13.00 + 3.14

Value are Mean + SE * P<{0.05 MNCs : mul-
tinucleated cells
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Fig. 3. Effect of LPS and IFN-y on the forma-
tion of TRAP(+) MNCs

IV. Discussion

The present study demonstrates that TRAP
(4+) MNCs formation were affected by LPS
and IFN-y. We cultured undifferentiated bone
marrow cells as osteoclast precursors from
white leg horn chick embryo. After 0, 0.1, 0.5,
and 1 pg/ml of LPS were added in the M-199,
the chick bone marrow cells were cultured
for 7 days. 0.1 ug/ml of LPS showed a increa-
sed tendency of the number of TRAP(+)
MNCs. This result was similar to study of
Nishihara et al. and Shuto et al."***. The effect
of paraformaldehyde-fixed " murine macro-
phage P388D1 cells on osteoclast-like cell for-
mation was investigated by Nishihara et al'’.
When mouse marrow cells were cocultured
with paraformaldehyde-fixed P388D1 cells sti-
mulated with LPS, many TRAP(+) cell for-
mation was achieved. Also, Shuto et al®
gested that LPS enhanced osteoclast forma-
tion in mouse bone marrow culture. But, Orcel
et al®. suggested that LPS caused a tripled
increase in the osteoclast surface, a 4.5 times
increase in the number of osteoclast, but no
change in the number of TRAP(+) MNCs.
Otherwise, in this study 0.5 and 1.0 pg/ml of
LPS showed decreased formation of TRAP
(+) MNCs significantly (P<{0.05, P<{0.01),
it might the result of cell toxicity due to high
dosage of LPS. The TRAP(+) multinucleated
cells do not have similarity in contrast to cont-
rol group in terms of cell shape and integrity.

After 0, 50, 250, and 500 U/ml of IFN-y
were added in the M-199 and the chick bone
marrow cells were cultured for 7 days. the
number of TRAP(+) MNCs was decreased
by 50 and 500 U/ml of IFN-y. When the 0.1
ug/ml of LPS and various concentration of
IFN-y were added in the M-199, and the chick
bone marrow cells were cultured for 7 days,
the INF-y showed a decreased tendency on

. sug-



LPS-induced TRAP(+) multinucleated cell
formation. Especially, when treated with 250
and 500 U/ml of IFN-y, the number of TRAP
(4+) MNCs were decreased significantly (P<
0.05). Naoyuki et al®. suggested that IFN-y
inhibited TRAP(+) formation and significan-
tly inhibited 1.25 Ds-stimulated MNCs forma-
tion. The 1.25-dihydroxy vitamine D; significa-
ntly increased both MNCs formation and the
number of nuclei per MNCs at 10*M concent-
ration. Also, 100 U/ml of IFN-y actively inhibi-
ted these effect of 1.25—Ds and inhibited the
growth granulocyte-macrophagy colony for-
ming cells. Additionally it inhibited MNC for-
mation by parathyrpcid hormone or Interleu-
kin-1. The study suggested that IFN-y inhibits
bone resorption in part by inhibiting osteoclast
formation™. Yuko et al®. suggested that mu-
rine IF-y usually did not affect basal®. Ca re-
lease and amost completely inhibited bone re-
sorption induced by PTH, PTH-rp and inter-
leukin-1. In periodontal disease that feature
chronic inflammation increased bone resorp-
tion and bone loss occur. Horten et al®
tantiated the possibility that immune cells re-
lease product to stimulate bone resorption.

. subs-

It was suggested that interleukin-1***", tu-
mor necrosis factor a and p* stimulate osteo-
clastic bone resorption in vitro. Gowen et a
% suggested that interferon-y inhibited bone
resorption stimulated by cytokines, such as
tumor necrosis factor o B, and interleukin.
IFN-p inhibits osteoclastic bone resoption,
but the action made responsible for this effect
is controvesial. 1) Interferon-y suppress pre-
cursors of multinucleated cell®. Broxameyer
et al®. suggested that interferon-y suppress
the growth of myeloid progenitor cells, the
probable precusors of multinucleated cell.
Therefore, interferon-g decreased the number
of multinucleated cell. 2) Interferon-y inhibits
fusion of precursors to form multinucleated

125.
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cell®**  Takahashi et al®. has shown that
interferon-y decreases the number of multi-
nucleated cell due to inhibit fusion of precur-
sors to form multinucieated cell. Also, it dec-
reased the number of nuclei per multinuclea-
ted cell. But, this report can not evaluate whe-
the inhibit fusion of precursors or suppress
precursors of multinucleated cell.

Our results suggest that the number of
TRAP(+) multinucleated cells was significa-
ntly increased by the addition of 0.1 ug/ml
of LPS. The IFN-y showed inhibitory effect
on LPS-induced TRAP(+) MNCs number in
chick bone marrow culture, especially in 250
and 500 U/ml of INF-y. Further investigation
must be performed to elucidate the action of
LPS and IFN-y.

V. Conclusion

This study was performed to evaluate the
effect of lipopolysaccharide and interferon-y
on the osteoclast-like multinucleated cell for-
mation from chicken bone marrow cells in cul-
ture. The results were as follows.

1. Treatment of 0.1 ug/ml LPS showed inc-
reased tendency on the number of TRAP
(4+) MNCs. otherwise 0.5 and 1.0 pg/ml
of LPS showed decreased significantly on
the number of TRAP) +) MNCs. (P<0.05,
P<0.01)

2. 50 and 500 U/ml of IFN-y showed tendency
of decreasing the TRAP(+) MNCs forma-
tion

3. By the treatment of 0.1 ug/ml LPS and va-
rious concentration of IFN-y, TRAP(+)
MNCs number were decreased significan-
tly by 250 and 500 U/ml of IFN-y. (p<o.
05)

On the basis of above results, it is concluded
tha LPS increased TRAP(+) MNCs number



and IFN-y decreased LPS-induced TRAP(+)
MNCs number in chicken bone marrow cell.
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