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Fig. 2 Expression of osteopontin {opn) mRNA in arthritic paws from a mice with co

e

(CIA).
Serial sections of arthritic paws were stained with hematoxylin eosin and in situ hydridization was

llagen-induced arthritis
performed using a primer specific for OPN mRNA., A . hematoxylin eosin stain, B . in situ
hybrydization OPN mRNA expression was detected at the bone-pannus junction, co-incident with the

presence of multinucleated gaint cells which stained positive for tartrate-resistant acid phosphatase,
suggeesting activated osteoslasts. (Original magnification x400)
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RA : rheumatoid arthritis, OA . osteoarthritis,
SF ; synovial fluid
*SF CPN levels vs plasma, p<0.05, **SF OPN
levels, RA VS OA, p<0.05
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Regulatory mechanism of osteoclast differentiation and function
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Comparison of the activities of multinucleated
bone-resorbing giant cells derived from CD14-positive
cells in the synovial fluids of rheumatoid arthritis and
osteoarthritis patients

H. Takano'?, T. Tomita', T. Toyosaki-Maeda®, M. Maeda-Tanimura>,

H. Tsuboi', E. Takeuchi!, M. Kaneko', K. Shi', K. Takahi', A. Myoui’,
H. Yoshikawa', T. Takahashi’, R. Suzuki* and T. Ochi'*

doi:10.1093/rheumatology/keh077

Objective. To investigate the morphology and function of multinucleated bone-resorbing giant cells derived from CD14-positive
cells in the synovial fluids (SF) of patients with rheumatoid arthritis (RA) or osteoarthritis (QA).

Methods. CD14-positive cells were obtained by magnetic-activated cell sorting of primary cultures of mononuclear cells from
the SF. Multinucleated bone-resorbing giant cells were induced from the CD14-positive cells in the presence or absence of
cytekines. We examined various characteristics, including osteoclast markers, fusion index and bone-resorption activities of the
multinucleated giant cells.

Results. Multinucleated giant cells were induced from the CD14-positive cells in the SF of the RA and OA patients by the
addition of interleukin (IL)-3, 1L-5 and IL-7, or granulocyte-macrophage colony-stimulating factor (GM-CSF), respectively.
These multinucleated giant cells were positive for tartrate-resistant acid phosphatase (TRAP), carbonic anhydrase II, actin,
vitronectin receptor and the calcitonin receptor. However, the average values for the number of nuclei, fusion index and bone-
resorption functions of the SF cells from the RA patients were significantly higher than those derived from the QA patients.
Conclusion. These results suggest that the induction and activities of multinucleated bone-resorbing giant cells may play a

pivotal role in bone destruction, and that these processes may be enhanced significantly in RA patients.

Key worps: Rheumatoid arthritis, Synovial fluid, CD14-positive cell, Osteoclast.

Rheumatoid arthritis (RA) is a chronic inflammatory disease that
is characterized by invasive synovial hyperplasia, which leads
to progressive destruction of the joint. Although the precise
mechanism of joint destruction has not yet been elucidated,
osteoclasts appear to play a pivotal role in the joint destruction
seen in RA patients. Osteoclasts are multinucleated bone-resorbing
cells that are derived from CD34-positive haematopoietic stem
cells [1--3]. Osteoclasts in the RA joint actively resorb bone at the
site at which the proliferating synovial membrane invades the
adjacent bone [4]. The osteoclast progenitors are members of
the monocyte/macrophage lineage [1], and they differentiate into
the mononuclear precursors of osteoclasts (preosteoclasts) [1, 5, 6].
The mononuclear preosteoclasts express tartrate-resistant acid
phosphatase (TRAP), which is not produced by peripheral blood
monocytes [7]. Mature osteoclasts are generated by the fusion of
these mononuclear preosteoclasts, while they are in close contact
with stromal cells in the bone marrow [1, 8~10]. Rheumatoid
synovial fibroblasts participate in bone destruction by inducing
osteoclastogenesis [11-13]. Bone-resorptive cytokines, such as
tumour necrosis factor-e (TNFa), interleukin 1 (IL-1), IL-6 and
soluble IL-6 receptor (SIL-6R) in the synovial fluid or in the serum
are reportedly involved in the immune responses and activation of
inflammation seen in RA patients {14-20]. High levels of IL-6 and

sIL-6R, I1.-17 and fibroblast growth factor (FGF)-2 in the synovial
fluids of patients with RA appear to enhance osteoclastogenesis
and promote joint destruction [21-23].

Nurse cells were first described in 1980 [24, 25] and are believed
to play an important role in the differentiation, maturation and
apoptosis of murine thymocytes [26-28]. Thymocytes initially
adhere to thymic nurse cells and then crawl underneath them in a
process that is referred to as pseudoemperipolesis. We reported
previously on the presence of nurse-like cells in the synovial tissues
and bone marrow of patients with RA, and suggested an important
role for these cells in the pathogenesis of RA [29-31].

Recently, we reported that multinucleated bone-resorbing’
osteoclast-like cells were generated from peripheral monocytes
that differentiated into TRAP-positive mononuclear cells when
induced by RA nurse-like cells (RA-NLCs) [32]. In addition,
certain cytokines in the synovial fluids {SF) of RA patients are
responsible for osteoclast-like cell formation. We detected TRAP-
positive mononuclear cells, which differentiated into multinu-
cleated bone-resorbing giant cells, in the SF of patients with RA
[32]. Although the presence of the bone-resorbing cells in RA joints
is well known, the characteristics and functions of multinucleated
bone-resorbing giant cells remain unknown. In the present study,
we evaluated differences between RA and OA patients in the
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morphology and function of multinucleated bone-resorbing giant
cells, which were derived from CD14-positive monocyte-like cells
in their SF.

Patients and methods

Patients

Seven patients with RA (seven women} and five patients with OA
(two men and three women) participated in this study. All of the
patients were treated at Osaka University Hospital or affiliated
facilities. The average ages of the RA and OA patients were
52.8+ 6.1 and 66.0 £ 6.0 yr, respectively. The diagnosis of RA was
based on the 1987 revised criteria of the American College of
Rheumatology (formetly, the American Rheumatism Association)
[33], and that of QA was based on clinical and radiological
features.

Cell numbers and surface antigen analysis

Synovial fluid was obtained from the knee joints of RA and OA
patients by aspiration with an 18-gauge needle under aseptic
conditions. Full informed consent was obtained from the patients
for sample aspiration and all of the subsequent procedures. The
joint-infilirating cells in the SF of the RA and OA patients were
collected by centrifugation at 1900 g. The cells were counted using
a haemocytometer, whereby dead cells that were stained with
trypan blue were excluded.

The surface markers of the cells in the SF samples were
examined by staining with monoclonal antibodies (mAbs). In this
study, we used fluorescein isothiocyanate (FITC)-conjugated anti-
human mAbs that were specific for CD4, CD8, CDI15 or CD19 (all
from Becton Dickinson, Franklin Lakes, NJI), and phycoerythrin
(PE)-conjugated anti-human mAbs that were specific for CD14,
CD16 or HLA-DR (all from Becton Dickinson). The mononuclear
cells (100000) were incubated at 4°C for 30min with 1 mg/ml of
the FITC- or PE-conjugated mAbs. After washing twice with
phosphate-buffered saline (PBS), the cells were analysed by flow
cytometry using FACScan (Becton Dickinson), and the individual
cell surface antigens were quantified. Dead cells were eliminated
by propidium iodide staining, and excluded from the analysis
by setting the scatter gates. The data were analysed using the
CellQuest software (Becton Dickinson).

Monoruciear cell culture from the synovial fluid

The joint-infiltrating cells in the SF samples from RA and OA .

patients were collected as described previously [32]. Briefly, the
cells were collected by centrifugation at 1900 g, and culitured in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco BRL,
Gaithersburg, MD) that was supplemented with 10% heat-
inactivated fetal calf serum (FCS; Gibco BRL) and 100 U/ml of
penicillin-streptomycin  (Gibco BRL) (Maintenance Medium;
MM), and seeded into 6-well flat-bottomed culture plates (Becton
Dickinson, Mountain View, CA). The cells were maintained at
37°C in humidified air that contained 7% COj, and half of the
medium was changed weekly. After 3 to 5 weeks of culture, most
of the lymphocytes and granulocytes had disappeared, and the
monocyte-like cells that floated on the fibroblast-like cells, which
adhered to the bottom of the culture plate, predominated. The
non-adherent cells were harvested and the CD14-positive mono-
cyte-like cells were purified from these non-adherent cells using
the magnetic-activated cell sorter {MACS; Miltenyi Biotec
GmbH, Germany) and magnetic beads that were conjugated
with the anti-CD14 antibody, according to the manufacturer’s
instruction.

Formation of multinucleated bone-resorbing giant cells
from CDl14-positive monocyre-like cells

A total of 50000 CD14-positive monocyte-like cells were cultured
in MM for 96 h at 37°C and 7% CO, in 4-well chamber slides (Lab-
Tek Chamber Slide System; Nalge Nunc International, IL), in the
presence or absence of the following reagents: recombinant human
(rh) interleukin (IL)-3, IL-5 and IL-7; granulocyte—macrophage
colony-stimulating factor (GM-CSF); a combination of macro-
phage colony-stimulating factor (M-CSF) and the receptor
activator of nuclear-factor-«B ligand (RANKL); or in the presence
of 10% conditioned medium (CM). The optimal concentration of
each cytokine was determined in preliminary experiments.

The frequency of multinucleated giant cell formation was
calculated as the fusion index, which has been described previously
[34]. Briefly, a minimum of 1000 nuclei within TRAP-positive
multinucleated giant cells (> 4 nucleifcell) were counted. The fus-
ion indices of the cells were calculated according to the following
formula:

Fusion index (%) =[total number of nuclei within the multi-
nucleated (>4 nuclei/cell) cells/total number of nuclei counted]
x 100

Cytochemical and immunocytochemical staining

At the end of culture period, the cells were stained with May-
Grunwald-Giemsa and for the tarirate-resistant acid phosphatase
(TRAP). TRAP staining was performed with a staining kit (Sigma
Chemical Co., St. Louis, MO} in accordance with the manufac-
turer’s instruction. May-Grunwald—-Giemsa staining involved a
5-min incubation with a 1:1 dilution of May-Grunwald solution
(Merck, Darmstadt, Germany), followed by a 10-min incubation
with 1:20 dilution of Giemsa solution (Merck).

The multinucleated giant bone-resorbing cells, which differen-
tiated from CDl14-positive monocyte-like cells, were fixed with
cold acetone, and stained immunocytochemically with rabbit poly-
clonal antibodies that were specific for actin (Santa Cruz Biotech-
nology Inc., Santa Cruz, CA}, carbonic anhydrase II (Rockland,
Gilbertsville, PA) or the vitronectin receptor (Chemicon Interna-
tional Inc., Temecula, CA), or with 2 goat polycional antibody
that was specific for the calcitonin receptor (Samta Cruz
Biotechnology).

Cytokines and reagents

rhIL-3, TL-5, GM-CSF and M-CSF were purchased from R&D
Systems (Minneapolis, MN). rhIL-7 was obtained from Genzyme
Corporation {Cambridge, MA), and the receptor activator of
nuclear-factor-«B  ligand (RANKL) was purchased from
Peprotech (London, UK). CM were prepared as reported pre-
viously [35). Briefly, 2 mixture of peripheral blood mononuclear
cells (PBMC) from 10 healthy donors was stimulated with
phytohaemagglutinin (PHA; Sigma) at 37°C for 72h. The culture
supernatant fluids were collected, filtered and used as conditioned
media.

Bone resorption assays

To determine the resorption activities of the TRAP-positive giant
cells, 70000 CD14-positive monocyte-like cells were cultured on
dentin slices that were placed in 4-well chamber slides in medium
with different cytokines or CM for 14 days. The cells on the dentin
slices were removed by brushing in distilled water, cleaned by
ultrasonication to remove adherent cells, and stained with
haematoxylin (Sigma). The resorption pits were counted under a
microscope. As an alternative method for analysing bone res-
orption, the CD14-positive monocyte-like cells were cultured on
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calcium phosphate-coated discs (Osteologic; Millenium Biologix
Inc., Ontario, Canada) using the culture conditions described
above. After 14 days of incubation, the discs were washed in 6%
NaClO and 5.2% NaCl to remove the cells, dried, and examined by
phase-contrast microscopy. The resorbed area on each disc was
measured using the MacSCOPE image analyser (Mitani Corp.,
Fukui, Japan).

Statistical analysis

The values are presented as the means -+ standard deviation (sp.).
Statistical analysis was performed using the non-parametric
Mann-Whitney U-test. P values of >0.05 were considered to be
statistically significant.

Results

Numbers and cell surface markers of joint-infiltrating
cells in the RA and OA patients

In order to evaluate the absolute number of joint-infiltrating cells
in the SF, the cells were collected and counted. The average
number of cells in the SF of the RA patients was 11 £ 7.8x10°/ml,
and that of the OA patients was 7.3 3.9x10*/ml. There was a
significant increase in the average number of cells in the SF of RA
patients, as compared with the SF of OA patients (£ < 0.01).
FACScan analysis was performed to examine the cell surface
phenotype of the joint-infilirating cells. The cells in the RA and OA
SF samples were positive for HLA-DR, and weakly positive for
CD4, CD8 and CD16. The percentage of CD4-positive cells in the
RA-SF was significantly higher than in the OA-SF (RA-SF,
39.2+£8.6% vs OA-SF, 18.14+9.3%; P < 0.05). The only signifi-
cant difference between the RA and OA patients was in the levels
of CD4-positive cells in their SF.
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Differentiation of cultured CDIl4-positive monocyte-like
cells into multinucleated bone-resorbing giant cells

The non-adherent cells were harvested after 4 weeks of primary
culture, and the CD14-positive cells were collected using MACS
with magnetic beads that were conjugated to the anti-CD14
antibody. The purity of the CD14-positive cells was >98%, as
assessed by FACS analysis (data not shown). The CD14-positive
monocyte-like cells from the RA-SF and OA-SF samples were
cultured with IL-3 in the absence of fibroblast-like cells. These cells
differentiated into multinucleated bone-resorbing giant cells (Fig.
1A and C). However, the numbers of cell nuclei differed among’
the two proups of patients. We counted the nuclei in all of the
multinucleated cells that had five nuclei or more. The average
number of nuclei was significantly higher in the RA group (RA,
24.66+ 6.06 nuclei vs OA, 11.2£2.61 nuclei; P < 0.05) (Fig. 2).
These multinucleated cells were positive for TRAP (Fig. 1B and
1D}, and resorption pits were observed on dentin slices (Fig. 3A
and B) and on Osteologic discs (Fig. 4A and B). The mult-
nucleated cells were positive for carbonic anhydrase If, actin,
vitronectin receptor and calcitonin receptor (Fig. 5). The average
positive percentage of calcitonin receptor in TRAP-positive
multinucleated cells was 90.69 & 7.2%, and TRAP-positive mono-
nuclear celis were calcitonin receptor negative. IL-5, IL-7, GM-
CSF and a combination of RANKL and M-CSF also induced the
differentiation of CDI14-positive monocyte-like cells into multi-
nucleated cells. These cells were also positive for TRAP, and had
the same functions and characteristics (data not shown). In the
presence of each of the cytokines, the fusion index of the
multinucleated cells, which were derived from the CD14-positive
monocyte-like cells from the RA-SF, was significantly higher than
that of the OA-SF (P < 0.05). Interestingly, the CD14-positive
cells that were cultured with a mixture of RANKL and M-CSF
exhibited lower fusion indices than cells that were treated with
IL-3 (Fig. 6). These results were confirmed in three separate
experiments, using various concentrations of the cytokines. The
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Fig. 1. Morphological examination of multinucleated giant cells that were derived tfrom CDI14-positive cells from the RA-SF or OA-
SF. The CDl4-positive monocyte-like cells were cultured with IL-3 (1ng/ml). (A, C) May-Grunwald-Giemsa staining and (B, D)
TRAP staining of multinucleated giant cells. Multinucleated giant cells from the RA-SF were bigger and had more nuclei compared
with those from the OA-SF. Original magnification x100.
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