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Fig. 1. Expression of CD137L on murine monocytic cell
RAW264.7. RAW264.7 cells were cultured as described in
“Materials and Methods”. Cells were collected and washed
twice with PBS. Cells were stained with anti-CD137L mAb
and secondary Ab conjugated with FITC. Stained cells were
analysis by flow cytometry.
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Fig. 2. Cross-linking of CD137L inhibits RANKL-induced osteoclastogenesis in RAW264.7 cells. Cells were incubated

with 20 mM PD98059 plus 10 mg/ml BANKL in the presence or absence of indicated concentration of anti-CD137L
mAb (TKS-1) for 7 days. Cells were fixed and stained TRAP as described in "Materials and Methods”. TRAP-positive

cells were observed and counted under microscope.
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Fig. 3. Cross-linking of CD137L inhibits RANKL-
induced osteoclastogenesis in RAW264.7 cells.
Cells were incubated with 20 mM PD98059 plus 10
mg/ml RANKL in the presence or absence of
indicated concentration of anti-CD137L mAb (TKS-
1) for 7 days. The results shown as above
representative of six independent experiments, and
are means = SEM. * P ( 0.05: ** P ( 0.01 and
*** P (0.001, significant difference from IgG

group.
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Fig. 4. Expression of CD137L on mouse bone marrow
cells. Mouse bone marrow cells were isolated and cultured
as described in “Materials and Methods”. Cells were
treated with or without 10 mg/ml M-CSF. Cells were
collected and washed twice with PBS. Cells were stained
with anti-CD137L mAb and secondary Ab conjugated with
FITC. Stained cells were analysis by flow cytometry.
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Fig. 5. Cross-linking of CD137L inhibits RANKL-induced osteoclastogenesis in mouse bone
marrow cells. Mouse bone marrow cells were isolated and cultured as described in “Materials and

Methods”.

Cells were incubated with 10 mg/ml M-CSF plus 10 mg/m! RANKL in the presence or

absence of indicated concentration of anti-CD137L mAb (TKS-1) for 10 days. Cells were fixed

and stained TRAP as described in “Materials and Methods".

and pictured under microscope.
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Fig. 6. Cross-linking of CD137L inhibits RANKL-induced
the formation of multi-nucleated osteoclasts in mouse bone
marrow cells. Cells were incubated with 10 mg/ml M-CSF
plus 10 mg/ml RANKL in the presence or absence of
indicated concentration of anti-CD137L mAb (TKS-1) for
10 days. Mono-nucleated or multi-nucleated TRAP-positive
cells were observed and counted under microscope. The
results shown as above representative of six independent
experiments, and are means = SEM. * P ( 0.05: ** P (
0.01 and *** P ( 0.001, significant difference from IgG
group.
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AH dapdat v gddA 2l CD4" T Al anti-CD3
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RANKLe| &g & #23tth(Fig. 7). Anti-CD3 % anti-
CD137 ©&& A Aelol o CD4" T AlEe] Al EF2] 0]
RANKL®] & th2 48419 OPG A g o&) & o&& o
2 Ago] #EE A (Fig. 8).

olg3 N EZ2] oA 2He-2 RANKL A=l o3 AlZ3
719 QA FLoll 710 o] ofa, AEAPES] 3ol ok
Ads & F Ah(Fig. 9).

4. MF| CD8* T MZollM RANKL X}=ol| 2|5t MZAIHE
Zl gl MZEZSA oAH|,

AF dupdz v FeA #8218 CD8' T Al*ol anti-CD3
9 anti-CD137 ©Z& FAE o] &3to] A7 A
RANKLe] 239 #ast9tHFig. 10). Anti-CD3 ¥ an-
ti-CD137 @22 A Aol 23t CD8" T HlE2] M EF2]
o] RANKLS % & &A% OPG Heldl 93] v= o9&
Aoz oAldo] #AHATHFig. 11). ol&3 AEZ2] JA)
2182 RANKL A=l o &t Al 23719 A28 7]e1e 3
o] ofe} Al EAPE L] Exlef| <3 ALS & = AT (Fig. 12).
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Fig. 7. Expression of RANKL on mouse CD4" T
lymphocytes. Mouse CD4" T cells were isolated and
cultured as described in “Materials and Methods™. Cells
were treated with or without anti-CD3 plus anti-CD137 mAb
for 16 hrs and stained with anti-RANKL-PE. Stained cells
were analysis by flow cytometry.
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Fig. 8. Cross-linking of RANKL inhibits CD4" T cell
proliferation. Mouse CD4" T cells were isolated and
cultured as described in "Materials and Methods”. Cells
were treated with vehicle, 0.5 mg/ml anti-CD3 mAb or 0.5
mg/ml anti-CD3 plus 10 mg/ml anti-CD137 mAb in the
presence or absence of indicated concentration of OPG.
For last 12 hrs, cells were incubated with 1 mCi/well [°*H]
thymidine. Cells were harvested and counted with liquid
scintillation counter. The results shown as above
representative of six independent experiments, and are
means = SEM. *, P ( 0.05; ** P ( 0.01 and *** P (
0.001, significant difference from NT group.
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Fig. 9. Cross-linking of RANKL enhances CD4" T cell
apoptosis. Mouse CD4" T cells were isolated and cultured
as described in “Materials and Methods”. Cells were
incubated with 0.5 mg/ml anti-CD3 plus 10 mg/m! CD137
mADb in the presence or absence of 10 mg/ml OPG-Fc for
24 hrs or 72 hrs. Cell cycle was analysis as described in
“Materials and Methods”.

Fig. 10. Expression of RANKL on mouse CD8" T
lymphocytes. Mouse CD8" T cells were isolated and
cultured as described in “Materials and Methods”. Cells
were treated with or without anti-CD3 plus anti-CD137 mAb
for 16 hrs and stained with anti-RANKL-PE. Stained cells
were analysis by flow cytometry.

B No Treatment(NT)
B anti-CD3
O anti-CD3e+anti-CD137

(cpm)
100000 [

80000
60000
40000 [
20000

0

10 pg/ml

NT 02 05 1 5

activated CD8* T cell
with anti-CD3 + anti-CD137

OPG-Fe treatment 24hr OPG-Fe treatment 72hr

Data. 002 Dets.003 Dats. 008

0200 400 600 800 1000
FL2A

Data 009

2 M

Counts
Counts
Counts

0 20 40 60 80 100
~
=
Counts

0 20 40 60 80 100

0 20 40 60 80 100
S
19 = g
0 20 40 60 80 100

0 200 400 600 800 1000 0 200 400 600 800 1000 1000
FL2+A FL2-A

FL2A

Marker% Gated % Total
All 10000 73.32

Markeft Gated’ Total
All 100.00 66.18

Marker% Gated % Total
All 100.00 5840

Markefi Gated% Total
All 100.00 69.60
M1 4859 33.82
#2 43.89 3055
M3 773 538

Ml 3640 24.09
M2 4947 3274
M3 1428 945

Ml 5877 43.09
M2 3639 26,68
M3 516 378

Ml 7656 4471
M2 2014 1176
M3 363 212

Fig. 11. Cross-linking of RANKL inhibits CD8" T cell
proliferation. Mouse CD8" T cells were isolated and
cultured as described in “Materials and Methods®. Cells
were treated with vehicle, 0.5 mg/ml anti-CD3 mAb or 0.5
mg/ml anti-CD3 plus 10 mg/ml anti-CD137 mAb in the
presence or absence of indicated concentration of OPG.
For last 12 hrs, cells were incubated with 1 mCi/well [*H)
thymidine. Cells were harvested and counted with liquid
scintillation counter. The results shown as above
representative of six independent experiments, and are
means = SEM. *, P ( 0.05: ** P ( 0.01 and *** P (
0.001, significant difference from NT group.
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Fig. 12. Cross-linking of RANKL inhibits CD8" T cell
proliferation. Mouse CD8" T cells were isolated and
cultured as described in “Materials and Methods”. Cells
were incubated with 0.5 mg/ml anti-CD3 plus 10 mg/m!
CD137 mAb in the presence or absence of 10 mg/ml OPG-
Fc for 24 hrs or 72 hrs. Cell cycle was analyzed as
described in “Materials and Methods”.
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Fig. 13. Cellular interaction between T cell and osteoclast
precusor cell. (A) TNFR signaling pathways: Cross-linking
of CD137 expressed on T cells enhances immune
responses including cell expansion, survival and cytokine
production via CD137-mediated T cell signaling pathways.
On hematopoietic cells or osteoclast precursor, RANK
ligation by RANKL evokes various signaling pathways
inducing osteoclast differentiation, survial and activation.
(B) TNF reverse signaling pathways: Cross-linking CD137L
on osteoclast precursor cells inhibits RANK signal-induced
osteoclast formation. On T cells, RANKL engagement
appears to dampen TCR signal-induced cell proliferation.
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Abstract

STUDY ON THE REGULATION OF OSTEOCLAST AND T CELL ACTIVATION VIA CELL MEMBRANE
PROTEINS OF TNF FAMILY, CD137 LIGAND AND RANK LIGAND

Sung-Joon Hong*, Jae-Hong Park*, Hyeon-Woo Lee** Keung-Ho Lee*

Department of Pediatric Dentistry* Department of Phamacology™™
and Institute of Oral Biology, School of Dentistry, Kyung Hee University

Resorption of alveolar bone in periodontitis is due to excessive differentiation and activation of osteoclasts.
Bacterial antigens causing periodontitis activates CD4 T cells, which leads to expressing RANK ligand (RANKL)
on CD4 T cells. RANKL binds RANK on preosteoclasts or osteoclasts, and enhances the differentiation preosteo-
clasts into osteoclasts and the activation of mature osteoclasts. CD137, one of TNF receptor (TNFR) family, ex-
pressed on activated T cells binds with CD137 ligand (CD137L) on antigen presenting cells. Cross-linking of
CD137 by CD137L acts as T cell co-stimulatory signals and, therefore, enhances the activation of T cell. In this
study, I elucidated the biological responses of CD137L on (pre)osteoclasts and RANKL on T cells in the context
of in vivo interaction between T cells and osteoclasts. RAW264.7, murine monocytic cells, constitutively express
CD137L. Ligation of CD137L with anti-CD137L mAb inhibited RANKL-induced osteoclast formation in a dose-
dependent manner. Bone marrow cells are expressed CD137L by the treatment with M-CSF. Cross-linking of
CD137L abolished M-CSF/ RANKL-evoked the formation of multi-nucleated osteoclasts. Both mouse CD4 and
CD8 T cells are expressed RANKL following their activation. Ligation of RANKL with OPG, the decoy receptor
for RANKL, inhibited both CD4 and CD8 T cell proliferation. These effects were attributed to RANKL-induced
apoptosis. These data indicate that CD137L and RANKL on osteoclasts and T cells, respectively provide them
with inhibitory signal.

Key words : RANKL, CD137L, Osteoclast, T lymphocyte
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