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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 £ 6.0yr, respectively. The diagnosis of RA was
based on the 1987 revised criteria of the American College of
Rheumatology (formerly, the American Rheumatism Association)
[33), and that of OA 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-infiltrating 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, CD15 or CD19 (all
from Becton Dickinson, Franklin Lakes, NJ), and phycoerythrin
{PE)-conjugated anti-human mAbs that were specific for CD14,
CD16 or HLA-DR (all from Becton Dickinson). The mononuclear
cells (100 000) 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).

Mononuclear 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 cultured 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% CO,, and half of the
medium was changed weekly. Afier 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; Milienyi 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
Srom CDI4-positive monocyte-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, TL-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 (RANKLY); 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, a2 minimum of 1000 nuclei within TRAP-positive
multinucieated giant cells (>4 nuclei/cell) 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 nucleifcell) cells/total number of nuclei counted]
%100

Cytochemical and immunocylochemical staining

At the end of culture period, the cells were stained with May-
Grunwald-Giemsa and for the tartrate-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 CDI14-positive monocyte-like cells, were fixed with
cold acetone, and stained immunocytochemically with rabbit poly-
clonal antibodies that were specific for actin (Santa Cruz Biotechn-
ology Inc., Santa Cruz, CA), carbonic anhydrase II (Rockland,
Gilbertsville, PA) or the vitronectin receptor (Chemicon Interna-
tional Inc.,, Temecula, CA), or with a goat polyclonal antibody
that was specific for the calcitonin receptor (Santa Cruz
Biotechnology).

Cytokines and reagenis

rhIL-3, IL-5, GM-CSF and M-CSF were purchased from R&D
Systems (Minneapolis, MN). rhIL-7 was cbtained 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, a mixture of peripheral blood mononuclear
cells (PBMC) from 10 healthy donors was stimulated with
phytohaemagglutinin (PHA; Sigma) at 37°C for 72 h. 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, 70006 CDI14-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).

Staristical analysis

The values are presented as the means & standard deviation (5.D.).
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 (P < 0.01).
FACScan analysis was performed to examine the cell surface
phenotype of the joint-infiltrating 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,
39.24 8.6% vs OA-SF, 18.1£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.

Differentiation of cultured CDl4-positive monocyte-like
cells into multinucleated bone-resorbing giant cells

The non-adherent cells were harvested afier 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. Thesccells
differentiated into multinucleated bone-resorbing giant cells (Fig.
1A and C). However, the numbers of cell nuclei differed among
the two groups 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, 11.23+2.61 nuclei; P < 0.05) (Fig. 2).
These multinucleated cells were positive for TRAF (Fig. 1B and
1D}, and resorption pits were observed on dentin slices (Fig. 5A
and B) and on Osteologic discs (Fig. 7A and B). The multi-
nucleated cells were positive for carbonic anhydrase II, actin,
vitronectin receptor and calcitonin receptor {Fig. 4). The average
positive percentage of calciton receptor in TRAP-positive multi-
nucleated cells was 90.65+£7.2%, and TRAP-positive mono-
nuclear cells were calcitonin receptor negative. IL-5, IL-7, GM-
CSF and a combination of RANKL and M-CSF also induced the
differentiation of CD14-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. 3). These results were confirmed in three separate
experiments, using various concentrations of the cytokines. The
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Fic. 1. Morphological examination of multinucleated giant cells that were derived from CD14-positive cells from the RA-SF or OA-
SF. The CDI4-positive monocyte-like cells were cultured with IL-3 (1 ng/ml). (A, C) May-Grunwald-Giemsa staining and (B, D)
TRAP staining of multunucleated giant cells. Multinucleated giant cells from the RA-SF were bigger and have more nuclei compared
with those from the OA-SF. Original magnification x100.
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Fi16. 2. The number of the multinucleated giant cells was coun-

ted. The nuclei in all of the multinucleated cells with five nuclei
or more were counted. The average number of nuclei was signi-
ficantly higher in the RA group. *P < 0.05 vs OA.
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Fig. 3. TL-3, IL-5, IL-7, GM-CSF and a combination of RANKL
and M-CSF induced the differentiation of CDI4-positive

monocyte-like cells into multinucleated cejls. *P < 0.05 vs OA.

Fi1G. 4. Immunocytochemical examination of multinucleated giant cells which were derived from CD14-positive cells from the RA-SF.
The CDI4-positive monocyte-like cells were cultured with TL-3 (1 ng/ml). Multinucleated giant cells were positive for (A) carbonic
anhydrase II, (B) actin, (C) vitronectin receptor, (D) calcitonin receptor. Original magnification x200.

FiG. 5. Examination of resorption pits formed by multinucleated bone-resorbing giant cells on dentin slices. The CD14-positive
menocyte-like cells were cultured with IL-3 (1 ng/ml) for 14 days on dentin slices. (A) Resorption pits were observed on dentin slices
by bone-resorbing giant cells which were derived from CD14-positive cells from the RA-SF, but (B) not observed from the OA-SF.
Original magnification x200.
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multinucleated cells were induced by those cytokines in a dose-
dependent manner and then the effect became fixed both in RA
and OA.

Number of resorption pits on the dentin slices, and the
percentage resorption on Osteologic discs

In order to determine the ability of multinucleated cells to absorb
bone, the CD!4-positive monocyte-like cells were cultured in
medium with IL-3 for 14 days on either dentin slices or Osteologic
discs. After the incubation period, the multinucleated giant cells
from CDI14-positive monocyte-like cells in the IL-3-stimulated
RA-SF and OA-SF samples formed resorption pits on the dentin
slices. The number of resorption pits formed by the RA-SF was
significantly higher (143.0+19.52; P < 0.05) than that formed by
the OA-SF (9.0 £2.0) (Fig. 6). Since all of the cultures formed
resorption pits on the Osteclogic discs, the percentage resorption
was calculated as the area of resorption relative to the total surface
area of the disc. A marked increase in lacunar resorption was noted
for the RA-SF cultures, in which the extent of resorption was
46.04 & 6.39%, as compared with that of the OA-SF cultures
(12.38 £ 2.18%; P < 0.05) (Fig. 8). When the CDI4-positive cells
were purified from RA-SF and OA-SF which does not pre-culture
for 4 weeks, they did not form resorption pits on either dentin slices
or Osteologic discs (data not shown).

200 - *
180 4 F I

0 [ 1

3 1

RA QA

Fic. 6. Comparison of capability of resorption pit formation on
dentin slices between bone-resorbing giant cells which were
derived from CDl14-positive cells from the RA-SF and OA-SF.
The number of resorption pits was counted under microscopic
examination. The number of resorption pits formed by the RA-
SF was significantly higher than that formed by the OA-SF.
*P < 0.05 vs OA,

Discussion

In this study, we demonstrated that multinucleated bone-resorbing
giant cells were induced from CD14-positive monocyte-like cells
in both RA-SF and OA-SF. However, the fusion indices and
functional parameters of multinucleated cells that were derived
from CD14-positive monocyte-like cells were increased in the RA-
SF. While the percentages of monocyle/macrophage cells were
similar, the absolute numbers of those cells were significantly
higher in RA-SF than in QA-SF. These results suggest that the
RA-SF contains many more cells with the ability to differentiate
into TRAP-positive preosteoclasts than are found in the OA-SF.
The resorption pits on either dentin slices or Osteologic discs of
multinucleated cells that were derived from CD14-positive mono-
cyte-like cells were increased in the RA-SF. In these functional
parameters, high bone-resorbing activity of multinucleated cells in
the RA-SF may be related to the survival rate or the number of
multinucleated cells.

We reported previously that CD14-positive monocyte-like cells
could be induced and maintained in the presence of nurse-like cells
(RA-NLC), which were isolated from RA synovial tissue and bone
marrow [32). These cells expressed TRAP activity, and differen-
tiated into multinucleated bone-resorbing giant cells when stimu-
Jated with TL-3, IL-5, IL-7 or GM-CSF in the absence of accessory
cells. The RA-NLCs were shown to play an important role in the
differentiation and maturation of lymphocytes through pseudoem-
peripolesis in RA joints [29-31). In the primary cultures of
SF mononuclear cells, the relatively large, round-shaped, non-
adherent cells and adherent cells predominated after 3 weeks, and
some of these adherent cells had nursing activities (H. Takano,
personal communication), which suggests that adherent cells with
nursing activities may play a role in the osteoclastogenesis
observed in this study.

The multinucleated bone-resorbing cells shown in this study
differentiated in the presence of IL-3, IL-5, IL-7 and GM-CSF.
These cytokines and growth factors are known to promote the
proliferation and differentiation of primitive hacmatopoietic cells.
IL-3, IL-5 and GM-CSF are produced by activated T cells, and
their receptors contain a common beta subunit [36]. In the present
study, we found that CD4-positivity was more prevalent in the
RA-SF than in the OA-SF, which suggests that T cells accumulate
and produce IL-3, IL-5 ard GM-CSF in the RA synovial fluid.
GM-CSF is often detected in the joints of RA patients [37, 38, and
synovial RA-NLCs produce GM-CSF in vitro [29, 30). Matayoshi
ef al. [3] reported that both IL-3 and GM-CSF induced the
differentiation of haematopoietic precursor cells into osteaclasts in
the absence of stromal cells [3].

RANKL has been reported as a potent inducer of osteoclast
development from monocytes, and is a key molecule in osteoclas-
togenesis [39, 40}. However, it was very interesting to note that a

Fic. 7. Examination of resorption area formed by multinucleated bone-resorbing giant cells on Osteologic discs by using phase-
contrast microscopy. The CD14-positive monocyte-like cells were cultured with IL-3 (1 ng/ml) for 14 days on Osteologic discs. (A) A
wide-ranging area was formed by bone-resorbing giant cells which were derived from CIY14-positive cells from the RA-SF, but (B) not

formed in OA-SF. Original magnification x 100.
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FiG. 8. Comparison of capability of resorbing area on Osteologic 7
discs between bone-resorbing giant cells which were derived g
from CD14-positive cells from the RA-SF and OA-SF. The
resorbed area on each disc was measured using the MacSCOPE
image analyser. A marked increase in lacunar resorption was
noted for the RA-SF cultures as compared with that of the OA- 9
SF cultures. *P < 0.05 vs OA.
mixture of RANKL and M-CSF exhibited weaker induction of 10
multinucleated cells than IL-3, IL-5, IL-7 and GM-CSF in our
experiments. This finding suggests that stimulation of IL-3, IL-5,
¥L-7 and GM-CSF at the step of fusion of the pre-cultured CD14-
positive monocyte-like cells is more dominant than RANKL, !
However, it is likely that RANKL is participating in differentiation
of CD14-positive monocyte-like cells into preosteoclasts during the
co-culture with fibroblast-like cells. 12

In this study, the fusion indices and functional parameters of
the multinucleated cells, which were derived from CD14-positive
monocyte-like cells, were much higher in the RA-SF than in the
OA-SF. This result concurs with the conclusions of previous 13
reports, in which histochemical studies indicated that TRAP-
positive multinucleated cells were more numerous in the RA
synovium than in the OA synovium [21, 41, 42]. In this study, 14,
similar numbers of CD14-positive cells were cultured from the SF
of RA and OA patients, but there were significant differences
between the RA-SF and OA-SF in terms of fusion indices and bone 15
resorption activities. Qur results suggest that the functions of
CD14-positive cells may be enhanced in RA due to the enhanced
ability of RA-SF stromal cells with nursing activity to support 16
the differentiation of monocyte-like cells into TRAP-positive
preosteoclasts. A detailed investigation of the differences in
CDl4-positive cell populations between RA and QA patients 17.
1s underway.

In conclusion, CD14-positive cells and activated T cells in the
RA-SF may play important roles in RA pathogenesis, which is 8.
characterized by progressive bone destruction and the enhanced
function of haematopoietic cells, such as preosteoclast-like cells.

These discoveries may provide a tool for understanding the mech-
anisms of bone destruction in RA, and for the development of 19
effective treatments for joint destruction in RA patients.
20.
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Synergistic Effect on the Attenuation of Collagen
Induced Arthritis in Tumor Necrosis Factor Receptor I
(TNFRI) and Interleukin 6 Double Knockout Mice

NORIHIKO YAMAGUCHI, SHIRO OHSHIMA, MITSUKO UMESHITA-SASAI KATSUHIRO NISHIOKA,
HIDEYUKI KOBAYASHI, TORU MIMA, TADAMITSU KISHIMOTO, and YUKIHIKO SAEKI

ABSTRACT. Objective. To evaluate any additive effect on attenuation of collagen induced arthritis (CIA) in tumor

necrosis factor receptor I (TNFRI) and interleukin 6 (IL-6) double knockout (DKQ) mice.
Methods. CIA was induced in wild-type {Wt), TNFRI knockout (TNFRIKO), IL-6 knockourt {IL-
6K.0), and DKO mice. Comparative studies were performed among these different mouse genotypes
observing clinical (incidence, arthritis score). histological, radiologic, and immunological aspects.
Results. More than 90% of the Wt, TNFRIKO, and IL-6KO mice developed definite CIA, while
only 20% of the DKO mice did so. Severity of arthritis. indicated by the arthritis score. was signif-
icanily reduced in both the TNFRIKO and IL-6KO mice compared with the Wt mice. Moreover, the
severity of arthritis in the DKO mice was significantly reduced compared with each single KO
mouse (by arthritis scores; DKO vs TNFRIKO, IL-6KO mice, p < 0.05). In addition, histological
and radiologic changes were also significantly reduced in the DKO mice compared with each single
KO mouse (by histological and radiclogic scores; DKO vs TNFRIKO, IL-6KO mice, p < (.05 and
p < 0.01 respectively). In immunological studies, serum anti-type II collagen (anti-CII} antibody
concentrations were significantly decreased in the DKO mice compared with each single KO mouse
(DKO vs TNFRIKQ, IL-6KO mice, p < 0.01).

Conclusion. Simultaneous blockade of TNFRI and IL-6 showed synergistic rather than additive
effects on the attenvation of CIA. Combinations of anti-TNF-ot and anti-IL-6 therapy may provide
clinical benefits for treatment of rheumatoid arthritis compared with therapy against each single

cytokine. (J Rheumatol 2003,30:22-7)

Key Indexing Terms:
TUMOR NECROSIS FACTOR RECEPTOR 1
DOUBLE KNOCKOUT MICE

Rheumatoid arthritis (RA) is a chronic inflammatory
avtoimmune disease characterized by bone destructive
polyarthritis. Although its eticlogy remains unknown,
cumulative evidence suggests that proinflammatory
cytokines such as interleukin 1 (IL-1), tumor necrosis factor
(TNF), and IL-6 play a pivotal role in the pathology of
RA/'-3, These proinflammatory cytokines are suggested to be
optimal therapeutic targets for RA. Indeed, the outcome of
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INTERLEUKIN 6
COLLAGEN INDUCED ARTHRITIS

recent clinical trials of anticytokine therapies using neutral-
izing antibodies, soluble receptors, and other inhibitors
encouraged us*?. Among them, anti-TNF therapy using
neutralizing antibodies or soluble TNF receptors (TNFR)
showed excellent efficacy and is currently accepted as a
promising new therapy for RA, In addition, a recent study
showed that IL-6 blockade by anti-IL-6 receptor (IL-6R)
antibody also showed some clinical efficacy for RA, and
multicenter clinical trials are proceeding in Japan’.
However, despite the excellent efficacy, these single
cyickine blockade therapies do not always attenuate disease
activity sufficiently, and there are still some populations of
non-optimal responders for each therapy directed against a
single cytokine®. In such cases of non-optimal responders
for each single cytokine therapy, combination with other
types of therapy was suggested to be necessary. Indeed, the
combination of anti-TNF-«x and anti-T cell (anti-CD4) ther-
apies showed enhanced efficacy in a mouse arthritis model®.

There may be another potentiat problem in inhibiting a
single cytokine as a therapeutic approach for RA, which
relates to the overlapping activities of different cytokines.
This problem can possibly be addressed by simultanecus
blockade of different cytokines. Partial attenvation of
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collagen induced arthritis (CIA), a mouse model for RA,
was reported in TNF-receptor I (TNFRI)? and IL-6 defi-
cient mice!!, suggesting that single cytokine blockade may
not ameliorate CIA sufficiently.

To investigate whether simultaneous blockade of TNF
and IL-6 shows any additive effect on the attenuation of
CIA, we carried out a comparative study in wild-type (Wt),
TNERI! knockout (TNFRIKO), IL-6 knockout (IL-6KO),
and double knockout (DKO) mice, observing clinical, histo-
Jogical, radiologic, and immunological aspects.

MATERIALS AND METHODS

Mice. Animal experiments in this study were approved by the Animal
Experimentation Committee of Osaka University and performed in accord
with their guidelines. IL-6KO mice were provided by Dr. M. Kopf. Max-
Planck-Institut fiir Immunbiologie, Freiburg. Germany'?, TNFRIKO mice
were provided by Dr. TW. Mak. Amgen Institute, Omario Cancer Institute,
Toronto, Canada'. IL-6KO mice and TNFRIKO mice were backcrossed
with DBA/]1 mice (Nippon Charles River. Kanagawa, Japan) for 8 genera-
tions to introduce CTA susceptibility. Then TNFRI and IL-6 DKO mice
were generated by matching these mice. Mice were sereened for JL-6 and
TNFRI genotype by polymerase chain reaction (PCR) using DNA prepared
from tail biopsies as described'>'*. The Wt, IL-6KO, TNFRIKO. and DKO
mice were between 8 and 12 weeks old at the time of first immunization.
The ratio between male and female was kept equal in each group. Mice
were bred under standard pathogen-free conditions in the Experimental
Animal Center of Osaka University Medical School.

Induction of CIA. CIA was induced by established methods™, Brietly, mice’

were immunized by intradermal injection at the base of the tail with 100 pg
of bovine type 11 collagen (CII) (Cosmo Bio, Tokyo, Japan} in 0.1 M acetic
acid, emulsified with an equal volume of complete Freund's adjuvant
(CFA; Difco. Detroit, ML, USA). Twenty-one days later, mice were boosted
by the same method. :

Clinical assessments of arihritis. Every week after the first immunization,
during the entire followup period (15 weeks}), mice were assessed by 2
independent observers for signs of arthritis. The severity of arthritis was
graded on a 0—4 scale as follows: O = normal: 1 = swelling and/or redness
in only 1 finger; 2 = swelling and/or redness in more than | finger; 3 =
swelling and/or redness in the entire paw; 4 = deformity and/or ankylosis.
Each paw was graded, and the 4 scores were summed, so the maximum
possible score per mouse was 16. The group arthritis score was calculated
by dividing the total score by the 10tal number of mice that developed defi-
nite arthritis. The incidence was expressed as the percentage of the mice
that showed visible arthritis.

Histological assessment of arthrinis. Histological examinations were
carried out as follows, Seven mice were randomly selected from the Wi,
TNFRIKOQ, and IL-6KO groups. In the DKO group. 3 mice that developed
definite arthritis were selected. They were killed at the end of the experi-
ment. Both hind paws were removed. fixed in 4% paraformaldehyde in
phosphate buffered saline (PBS). decalcified in hydrochloric acid and
formic acid, embedded in paraftin, sectioned. und stained with hematoxylin
and eosin. Microscopic evaluation was performed under blinded condi-
tions. The severily of arthritis in each joint was classified as described' and
graded 0-3 as follows: 0 = normal: 1 = mild: 2 = moderate:; 3 = severe.
Radiclogic assexsment of arthyitis, Mice were Killed at the end of the exper-
iment. Anteroposterior radiogruphs of the 4 limbs weye obtained using a
cabinet soft X-ray apparatus (CMB-2: Softex. Tokyo. Japan). Rudivlugic
changes were evaluated under blinded conditions using a described scoring
system'®, with sorme modification. Each Fimb was assessed [or usteopenias
and bone erosion and graded (-3 as follows: 0 = nermal; | = mild change:
2 = moderate change: 3 = severe change. The 4 scores were summed. for o
maximunt possible score per mouse of 12,

Meastrements of serum anti-Cl antibodies and nonspecific rotaf 19G. Sera
from mice of each genotype were obtained at the end of the experiment.
Serum anti-CII antibody and nonspecific total 1gG concentrations were
measured by ELISA as deseribed with some modification'”. Briefly. 96
well plates were coated with bovine CII antigen sobution (2 pg/ml} or anti-
mouse IgG (Vector. Burlingame. CA. USA) solution (1 pg/ml) and incu-
bated overnight at 4°C. MNonspecific binding was blocked with PBS
containing 1% bovine serum albumin for 1 h at room temperature. Serially
diluted serum samples (1:10 to 1:10.000) were added for 2 h at room
temperature. Alkaline phosphatase conjugated horse anti-mouse IgG
(Vector) or alkaline phosphatase conjugated goat anti-mouse IgGl or
1eG2a (Vector) was also added for 2 h at room temperature. Color devel-
opment with p-nitrophenylphosphate {Kirkegaard and Perry. Gaithersburg.
MD, USA) was monitored at 405 nm with an immunoreader NJ-2300
(Nihon InterMed. Tokyo. Japan). Values from each mouse genotype were
shown as relative values compared with the mean valve of the Wt group as
100 units.

Statisticel analvsis. Values were expressed as means = SEM and vanance
analyses were performed before further statistical analyses, Using a
Statview 5.0 statistical package for Macintosh (Abacus. Berkeley, CA,
USA). the Mann-Whitney U test was used to assess the significance of the
relative arthritis score, incidence, radiclogic assessments, and antibody
levels. Student t1est was used to assess the significance of the histological
findings. P values < 0.05 were considered significant.

RESULTS

Incidence and severity of CIA. CIA was induced in each
different mouse genotype as described in Materials and
Methods. As shown in Figure 1A, mice started to develop
arthritis 2 weeks after the first immumzation in the Wt, one
week later in the TNFRIKO, 3 weeks later in the IL-6KO,
and 4 weeks later in the DKO group. At the end of the exper-
iment, all 19 mice had developed arthritis in the Wt, 23 of
24 in the TNFRIKO, 15 of 17 in the IL-6KO group, while
ClA was observed in only 4 of 21 DKO mice, Thus, in the
DKO mice, the incidence of arthritis was significantly lower
compared with the Wt, TNFRIKO, and IL-6KO mice (DKO
vs Wi, TNFRI, 1L-6K(O mice, p < 0.01). As shown in Figure
{B, the arthritis score on each single cytokine KO mouse
was lower compared with the Wt mice, as previously
reported'™!!. In addition, the arthritis score of the DKO mice
that developed arthritis was significantly lower compared
with each single cytokine KO mouse (DKO vs TNFRIKO,
IL-6KO mice, p < 0.05).

Histological changes. Both hind paws were removed at the
end of the experiment, and histological changes were evalu-
ated and scored as described in Materials and Methods. As
a representative photograph shows (Figure 2}, the ankle
joint was almost completely destroyed with severe synovitis
in the Wt mice (Figure 2, panels A and E). Marked joint
destruction and synovitis were detected in the TNFRIKO
mice, but were less severe compared with the Wt mice
{pancls B wind 7). i we M -6KO mice, only moderate
synovitis was observed (panels C and G}, 25 reported'’. In
contrast, in the DKOQ mice, the ankle joinis were aimost
completely preserved (panels D and H). The overall histo-
logical changes of each mouse genotype are summarized in
Tuble 1. The histological score on each single cytokine KO
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Figure 1. Development of C1A in W1, IL-6KO, TNFRIKO, and DKO mice.
DBA/I mice of Wi. TNFRIKQ, IL-6KO, and DKQ mice were immunized
with type Il collagen in adjuvant, as described in Materials und Methods.
Signs of arthritis were recorded every week from the first immunization
through the entire followup periad {15 weeks). A. Incidence of arthritis. B.
Arthritis scores (means = SEM). *p < 0.05 versus Wt, TNFRIKO mice. **p
< (.05 versus Wi TNFRIKO, IL-6KO mice at the end of the experiment.

mouse was lower compared with the Wt mice, as
reported'®!", In addition, the histological score of the DKO
mice that developed arthritis was significantly lower
compared with each single cytokine KO mouse (DKO vs
TNFRIKO, IL-6KO mice, p < 0.05).

Tuble 1. Histological scores in each mouse genotype. Vilues are expressed
as means + SEM.

Genoype (No. of Mice Studied) Histological Score

Wi(h 263028
TNFRIXKO (1) 2.00 £ 0.20%
1L-6K0 (7) [.43 £ 0.37+*
DKO (3) 0.67 = 0.33%¥

* p < 005 versus Wt mice. ** p < (L05 versus Wi, TNFRIKO mice.
- 0.05 versus Wi. TNFRIKO. and 1L-6KO mice.

Radiologic changes. The summary of radiologic chang-
(osteopenia and bone erosion) of each mouse gery otyp: .
shown in Table 2. Each single cytokine KO mouse ghow. C:

significant reductions in the radiologic scores COmpared
with the Wt mice, The DKO mice showed Signiﬁcan.{ ]-d
- \-

lower radiologic scores than those of each single cytokj "
KO mouse (DKO vs TNFRIKO, IL-6KO, p<0.01 ) cone O'-] <
dant with their histological changes. r-

Serum anti-CII antibody and nonspecific total 16 G loy.-
Serum anti-CII antibody and nonspecific total 165G Jev
were measured by ELISA. As shown in Table 3, each sip o 1
cytokine KO mouse showed significantly lowey ami-é‘]?
antibody levels in total IgG, 1gG1, and 1gG2a than thoge

the Wt mice (p < 0.01). Serum anti-CII antibody, or
the DKO mice in total 1gG, 1gGl, and 1G22 weye Signi
cantly lower compared with each single cytokine ¥ mow; ‘: R
(DKO vs TNFRIKO, IL-6KO, p < 0.01). However, Onsp‘e S
cific total IgG levels were not significantly decreageqg ...
each single cytokine KO and DKO mouse.

sy
S]g

evels of
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DISCUSSION
We performed a comparative study in Wt, TNFRIKO, 1y
6KO. and DKOQO mice induced with CIA, Dbser\'ing clini i
histological, radiologic, and immunological findj ngs. Pay
attenuation of CIA was observed in the TNFRIK O jpjc
described'®, In addition, more obvious partial allenuation
CIA was also observed in the IL-6 KO mice, as e repOl'r:;
previously!. However, we could not observe comp] ei
protection from CIA in the IL-6KO mice a5 Alonzi, oy
reported'®, Although we cannot provide a definite reason !
the difference between their results and ours, 2 poineg ar
worth consideration. First, the immunization protgcols “,ere
different. We used complete Freund's adjuvam (CFA) foe.
both immunizations, while they used CFA for the firsl
immunization but incomplete Freund's adjuvan for !
second. Second, the genetic background of the 1.k m
might be different. The mice used by Alonzi, o al wey
backcrossed with DBA/I] for 5 generations, while our mjce
were backcrossed for 8 generations. Therefore, the induce
tion of CIA (or immunization) in our experimeal sy :
might be stronger than in theirs, and our mice might ha,
been more susceptible to ClA. Indeed, almost 3 the |§uc[_e
mate Wt mice used in the present study developed ClA a-
severe as DBA/IJ mice, whereas a lower incidence :
milder severity of CIA were reported by Alonzg, ef af.
We also observed enhanced attenuation of CIA iy, Uy
DKO mice compared with each single cytokine Ko Moug y
Interestingly, almost all the mice of each single cytokine Kg
group developed definite CIA, as reported'™!t “"\yhije onj
20% of the mice in the DKO group developed CIA
Moreover, only marginal changes were observeqd in e
histologic and radiologic examinations of the pKQ mi
Thus, the effect on the attenuation of ClA in the DKo m
appears to be synergistic rather than additive, Although ;
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Figure 2. Histopathological evaluations of CIA in Wi, IL-6KO, TNFRIK

shows an ankle joint of a hind limb stained with hematoxylin-eosin. A and E show paws of Wt mice with CIA (A, original magnification x20; E, original
magnification x40). In A and E, ankle joints are almost completely destroyed by severe synovitis in Wi mice. B and F show paws of TNFRIKC mice with
CIA (B, original magnification x20: F. original magnification x40). In B and F. marked joint destruction and synovitis are shown, but are less severe compared
with Wt mice. C and G show paws of IL-6KO mice with CIA (C, original magnification x20: G, original magnification x40). In C and G, only moderate
synovitis is shown. D and H show paws of DKO mice with CIA (D, original magnification x20; H. original magnification x40). In G and H. almost normal
joint organization is preserved.

Table 2. Radiologic changes in each mouse genotype. Values are expressed

effects are often observed in in vitro studies. For example,
as means + SEM.

the synergistic effect on acute phase protein production in
combinations of IL-6 and TNF-¢& has been reported. TNF-at

Genotype (No. of Mice Siudied) Osteopenia Bone Erosion alone does not induce serum amyloid A (SAA), but in
Wi (19) 9.21 +0.56 10.07 £ 0.38 combination with IL-6 shows enhanced production of SAA
TNFRIKO (24) 7.04 £ 0.66* 8.83£0.62% in human hepatoma cell lines', In contrast, IL-6 alone does
IL-6KO (17) 3.82 £ 0.78** 4.88 2 1.04%* not induce plasminogen activator inhibitor type 1 in Hep G2
DKO (21) 0.68 + 0.25%** 0.95 + 0.49%%*

cells, but markedly enhances its induction in combination
with TNF-¢?0. Thus, simultaneous blockade of TNF and IL-
6 may turn off such synergistic biologic activities, which
relate to the pathogenesis of CIA, resulting in some syner-
gistic effect on the attenuation of CIA.,

* p < 0.05 versus Wi mice. **p < 0.05 versus Wi, TNFRIKO mice.
% p g 0,01 versus Wt, TNFRIKO, and ]1.-6KO mice.

not clear, there is a possible explanation for such synergistic
effects on the attenuation of CIA in the DKO mice.
Proinflammatory cytokines such as TNF, IL-1, and IL-6 are
well known to show redundancy in several biologic activi-
ties. In addition, since the individual cytokines do not act
independently, but interact with each other, synergistic

Our findings also suggest that the combination of anti-
TNF and anti-IL-6 therapy may have some clinical benefits
for the treatment of RA in some cases, The outcome of
recent clinical trials of therapies directed against single
cytokines, including anti-TNF and anti-IL-6 therapies,
appears to be excellent, and some are currently accepted as

Tuble 3. Serum anti-type 11 collagen (anti-CI1) antibody titers and nonspecific total 12G levels in each mouse genotype. Values from each mouse genotype are
shown as relative values compured with the mean value of the Wi group as 100 units.

Genotype (No. of Mice Studied) Total 1gG 1gG2a Nonspecific 1gG
Wt (l6) 100 = 11.80 100 + 20.56 100 = 14.19 100 + 17.45
TNFRIKO (17} 42.71 = 10.26° 48.01 + 13.28 43.89 + 10111 111.36 = 23.07
IL-6KO (14) 65.35 + 11.84" 52.68 + 15.08' 76.57 £ 1433 88.41 2316
DKO (16) 13.29 + 4.22% 958 £ 221" 13.58 £ 4.45" 95.56 £ 9.95

' p < 0.01 versus Wi mice. ™ p < 0.01 versus Wi, TNFRIKO, and IL-6KO mice.

Yameguchi, et ul: 1L-6 DKO mice
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promising new therapy for RA™. However, despite the
excellent efficacy, these single cytokine blockade therapies
do not always sufficiently attenuate disease activity, and
there are still some populations of non-optimal responders
for each single cytokine therapy®. In such cases of non-
optimal response for single cytokine therapy, combination
with other types of therapy is suggested to be necessary.
Indeed, the combination of anti-TNF-o and anti-T cell (anti-
CD4) therapies showed enhanced efficacy in a mouse
arthritis model®,

There may be another potential problem in inhibiting a
single cytokine as a therapeutic approach for RA, which
relates to the overlapping activities of different cytokines.
For example, we described a patient with severe RA who
did not respond optimally to anti-TNF-o antibody
therapy®'. The patient showed lymphadenopathy and
underwent a biopsy of the swollen lymph nodes to elimi-
nate the possibility of malignancy. When we assessed TNF-
o and IL-6 mRNA expression in the lymph nodes by
reverse transcription PCR, only enhanced IL-6 but not
TNF-o0 mRNA expression was observed. In addition. anti-
TNF-o antibody could not inhibit spontanecus in virre IL-
6 production of the lymph node block culture, indicating
IL-6 production in the lymph nede might be independent of
TNF-a. In such a case of a non-optimal response, it would
be necessary to block not only TNF-o but also 1L-6 simul-
taneously.

As for the immunological aspects, serum anti-ClI anti-
body cencentrations in the DKO mice were significantly
decreased compared with each single cytokine KO mouse
and were less than 10% of the Wt mice. This suggests that
the DKO mice might be in an immunocompromised state.
However, nonspecific total IgG concentrations in serum
were not significantly decreased in the DKO mice compared
with each single KO mouse. As well, we observed no infec-
tions in DKO mice or single KO mice during the whole
experiment period. Thus the risk of infection in the DKO
mice may not be higher than in each single KO mouse,
although they were bred under standard pathogen-free
conditions. However, since recent reports note that infec-
tions, particularly opportunistic infections including tuber-
culosis, are the most serious adverse effects of anti-TNF-or
therapy**~*, we should observe great caution in the use of
anticytokine combination therapy.

We observed synergistic effects on the attenuation of CIA
in TNFRI and IL-6KO mice, and CIA was almost
completely prevented in the DKO mice. Recently, Bendele,
et al reported synergistic effects of 1L-1 receptor antagonist
and PEG soluble TNFRI therapy on the amelioration of
CIA™. Thus our findings suggest a clinical benefit of the
combination of anti-TNF-a and anti-IL-6 therapies
compared with therapy against each single cytokine in some
cases of non-optimal responses to single cytokine therapy,
although treatment experiments using combination of

neutralizing antibodies to TNF-¢f and IL-6 must still be
carried out in mice with established CIA.
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Abstract

Objective  Chronic active EBV infections (CAEBV}
are often causative of malignant lymphoproliferative dis-
orders, such as natural killer (NK) cell-lineage granular
lymphocyte proliferative disorders (NK-GLPD), which
are refractory to several conventional chemotherapies
and usually show a poor pregnosis. To explore the possi-
bility of preventive treatment for Epstein-Barr virus
(EBV)-infected NK-GLPD, we examined the effect of
antiviral drugs on EBV-infected pre-malignant NK cells.

Methods EBV-infected pre-malignant NK cells (P-NK
cells) were isolated from the periphery of a patient suffer-
ing from severe hypersensitivity to mosquito bites
{SHMB). Abnormal oligoclonal expansion of EBV-
infected CDS6(+)/CD3(-) NK cells was observed in her
periphery. Effects of several antiviral drugs were exam-
ined both on the proliferation and on EBV-replication of
P-NK cells.

Results  Vidarabine and foscarnet, but not acyclovir
nor gancyclovir, significantly suppressed both the prolif-
eration and EBV-DNA replication of P-NK cells in a
dose-dependent manner, whereas these drugs did not
suppress the proliferation of YT, which is an EBV-
infected malignant NK cell line. The combination of vi-
darabine and foscarnet had an additive effect and almost
completely suppressed the proliferation of P-NK cells.

Conclusion The present results indicate that vidara-
bine and/or foscarnet may be effective for preventive
treatment of EBV-associated NK-GLPD.

(Internal Medicine 42: 250-254, 2003)

Key words: severe hypersensitivity to mosquito bites
(SHMB), vidarabine, foscamnet

Introduction

Severe hypersensitivity to mosquito bites (SHMB) is a
rare disease that mostly affects Asians, including Japanese.
When an individual with SHMB is bitten by a mosquito, they
soon develop a high-grade fever and the skin at bitten sites
forms deep ulcers. Another important clinical feature of
SHMB is the high mortality because of complications, such
as malignant NK cell-lineage granular lymphoproliferative
disorder (NK-GLPD). Recent reports have revealed that
chronic active Epstein-Barr virus infection (CAEBV) is
closely associated with the pathogenesis of SHMB and its
malignant complications (1, 2). Conventional chemothera-
pies are not effective and therefore the prognosis is poor (3).

Recently we treated a young female suffering from
SHMB and CAEBV (4). In her periphery, we observed a
marked oligoclonal expansion of EBV-infected NK cells.
Considering the close association between malignant NK-
GLPD and CAEBV/SHMB, it is highly suggested that the
NK cells in the patient (P-NK cells) represent a preneoplastic
population. In order to rescue not only this patient but also
other individuals suffering from CAEBYV from a desperate
clinical course, we explored the possibility of preventive
treatment for NK-GLPD. Some antiviral drugs, such as
foscarnet and vidarabine, are emerging as good candidates
for possible preventive treatment. ‘

Patient and Methods

All experiments were done with both the informed con-
sent of the patient and the approval of the Osaka University
Human Research Committee.

Patient
The patient was an 18-year-old female. When she was 14
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Figure 1. Highly purified NK cells (CD56(+), CD3(-)) obtained using MACS. The expression of CD3 and CD56 in
mononuclear cells (MNC) from the patient with SHMB and CAEBYV was assessed before (left panel) and after (right

panel} MACS by two-colo_r FACS analysis.

years old, she first experienced severe hypersensitivity to
mosquito bites. The mosquito-bitten sites developed into
deep ulcers, and she also had high grade fever as a systemic
symptom. She was diagnosed as having a severe hypersensi-
tivity to mosquito bites (SHMB). Because her symptoms did
not improve with corticosteroid therapy, she was admitted to
our hospital for further examinations. On admussion, no re-
- markable physical findings were noted except multiple scar-
ring lesions on her face and extremities. Laboratory studies
showed a normal white blood cell count (4.6x10°/ul),
whereas the proportion of lymphocytes was increased
(54.4%). Flow cytometric analysis revealed a marked in-
crease in the CD56+/CD3~ (NK cell) population (51.1%}). In
addition, the patiern of serum EBV-specific antibody was
compatible with CAEBV as anti-EB-VCA IgG markedly
was increased at x2,560 whereas anti-EBNA was not in-
creased at x80. Bone marrow aspiration and gallium scintil-
lation examinations showed the absence of hematological
malignant disorders.

Purification of P-NK cells and their characteristics
Peripheral blood mononuclear cells from the patient were
isclated by density-gradient centrifugation with Ficoll-Paque
(Pharmacia Biotech, Uppsala, Sweden). NK cells were puri-
fied by magnetic cell sorting (MACS) using a StemSep Kit
(Stem Cell Technologies Inc, British Columbia, Canada) (P-
NK cells). After the MACS, more than 99% of collected
cells were CD56-positive but CD3-negative (Fig. 1). As a
control, NK cells from a healthy female were purified using
the same protocol (C-NK cells). All experiments were car-
ried out using these highly purified NK cells. The

Internal Medicine Vol. 42, No. 3 (March 2003)

characteristics of the highly purified NK cells were analyzed
by flow cytometry (FACScan Cytometer, Becton Dickinson
Immunocytometry System, Mountain View, CA, USA).
Compared to C-NK cells, P-NK cells showed an enhanced
expression of high-affinity IL-2 receptor (CD25), Bcl-2 and
Fas-ligand. In addition, P-NK cells showed augmentation of
the proliferative response to IL-2 and resistance to Fas-
induced apoptosis (4). The further characterization of cell
surface markers by flow cytometric analysis showed
CD94(+), NKG2A(+), CDI161(-), CD69(-), CL7(+),
CD158a(+)~(+), CD158b(+), CD159(+), CD9(+), Va24(-),
and MDR({+). The NK activity of P-NK cells was highly en-
hanced, suggesting a high risk of malignancy according to a
previous report (35).

Detection of EBV

The detection of EBV in P-NK cells was performed by
polymerase chain reaction {(PCR) analysis using primers spe-
cific for EBV DNA as described previously (6). The oligo-
nucleotide sequences of primers are: 5-CCAGAGGTAAG
TGGACTT-3" and 5-GACCGGTGCCTTAGG-3". As a
positive control, we used genomic DNA from the EBV-
positive Burkitt’s lymphoma line, Raji.

Clonality of P-NK cells

The clonality of P-NK cells was assessed by Southem blot
analysis using a terminal repeat EBV probe as described pre-
viously (7). Briefly, 10 pg of genomic DNA extracted from
P-NK cells was digested with BamHI, separated on a 0.7%
agarose gel and transferred to a nitrocellulose membrane.
The membrane was hybridized with a “P-labeled DNA
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Figure 2. (A) Detection of EBV DNA in P-NK cells by
PCR analysis. Lane 1; P-NK cells (the patient), Lane 2;
Raji cells (a positive control), Lane 3; C-NK cells (healthy
control). (B) Clonality of P-NK cells. BainHI-digested DNA
from P-NK cells showed two distinct bands, indicating P-
NK cells were oligoclonal. Lane 1; P-NK cells (the patient),
Lane 2; Raji cells (a positive control), Lane 3; C-NK cells
(healthy control).

fragment that contains the LMP-1 open reading frame and
detects the right terminal repeats. DNA from Raji cells was
used as a positive control.

Cell culture and the effects of anti-viral drugs on the
proliferative response to IL-2

Highly purified NX cells (5x10° cells/wel) were cultured
with 0.2 ml of RPMI (Gibco BRL, Rockville, MD, USA)
supplemented with 10% fetal calf serum (Sigma-Aldrich, St.
Louis, MO, USA) in the presence of 100 U/mi of IL-2
(Shionogi Pharmaceutical Co., Osaka, Japan). Vidarabine
{Mochida Pharmaceutical Co., Tokyo, Japan), foscarnet
(Astra Japan Pharmaceutical Co., Osaka, Japan}, acyclovir
(Nippon Welcome Pharmaceutical Co., Tokyo, Japan),
gancyclovir (Tanabe Pharmaceutical Co., Osaka, Japan), or
a combination with vidarabine and foscarnet were added to
the NK cells cultured with the IL-2. YT, a cell line derived
from a patient with EBV-associated NK lymphoma (8) was
kindly provided by Dr. Kanegane (Toyama Medical and
Pharmaceutical University, Toyama, Japan) and cultured
under the same conditions. The quantification of cell prolif-
eration was measured by [*H]-thymidine incorporation on
day 3. All experiments were done in triplicate cultures.

Quantitative assay for EBV-DNA

Genomic DNA was extracted from NK cells cultured with
the individual anti-viral drugs containing medium for 5 days,
using a QlAamp Blood Kit (QIAGEN Inc., Chasworth, CA,
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USA). Quantitative PCR for EBV was performed by pre-
cisely following a method described previously (9).

Statistical analysis

Al results are shown as mean values and error bars repre-
sent the s.e.m. Statistical differences were evaluated by Stu
dent’s unpaired ¢ test. A statistical probability of p<0.05 was
taken as a significant difference.

Results

Detection of EBV and clonality of P-NK cells

To examine whether P-NK cells were infected with EBV,
PCR amplification for EBV-DNA was performed. As shown
in Fig. 2A, a distinct band was observed in the first lane of
P-NK cells (lane 1) at the same position as the positive con-
tro] (lane 2}, while no bands were observed in the lane of pu-
rified NK cells from the healthy control, C-NK cells (lane 3).
In addition, in siru hybridization assay for EBV-encoded
small nuclear RNA 1 (EBER 1) showed that more than 90%
of P-NK cells were positive for EBER 1 (data not shown).
These results indicated that P-NK cells were infected with
EBV. The clonality of P-NK cells was examined by
Southern blot hybridization using a terminal repeat probe. In
the results, BamHI-digested DNA from P-NK cells showed
two distinct bands, indicating that P-NK cells were
oligocional (Fig. 2B).

Effects of anti-viral drugs on in-vitro cell proliferation
of P-NK cells and YT cells

To explore the possible treatment of EBV-associated NK-
GLPD, we examined the effect of several anti-viral drugs on
the proliferation of P-NK cells. Cells were cultured for 3
days in the absence or presence of antiviral drugs (vidara-
bine, foscarnet, acyclovir and gancyclovir). The doses of in-
dividual drugs were based on a previous report (10) and
could be used clinically. As shown in Fig. 3A, both
vidarabine and foscarnet suppressed the proliferation of P-
NK cells in a dose-dependent manner, while the proliferation
of YT, a cell line derived from EBV-infected NK-lymphoma
(8), was not sensitive to these drugs. The combination of
vidarabine and foscarnet had a significant additive effect,
such that the highest doses of these two drugs suppressed
cell proliferation almost completely (>90%). The doses of
vidarabine and foscarnet used in this assay showed no
cytotoxicity against normal NK cells under the same condi-
tions (data not shown), suggesting that the effects were not
brought about by non-specific cytotoxic activity. On the
other hand, neither acyclovir nor gancyclovir affected cell
proliferation even at the highest clinical doses.

Effects of anti-viral drugs on EBV-DNA replication of
P-NK cells

To confirm that these anti-viral drugs suppress the prolif-
eration of P-NK cells by inhibiting viral DNA-replication,
we examined the effects of these drugs on EBV-DNA

Internal Medicine Vol, 42, No. 3 (March 2003)
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Figure 3. (A) Effect of anti-viral drugs on the proliferation of P-NK cells and YT cells. The cell proliferation index is a
ratio of cell proliferation in the presence of several drugs (shown below) relative to that in the control condition. Filled
bars indicate the cell proliferation index of P-NK cells, while open bars indicate that of YT cells. Results are shown as
mean values obtained from three independent experiments and error bars represent the s.e.m. Asterisk: p<{.05. n.s.: not
significant. (B) Effect of anti-viral drugs on DNA-replication of P-NK cells. EBV-DNA replication index exhibits the ratio
of viral DNA replication in the presence of several drugs (shown below) relative to that in the control condition.

replication in P-NK cells. Genomic DNA was extracted from
the cells after 5-day culture, and then EBV-DNA was quan-
tified by PCR assay using EBV-specific primers. As shown
in Fig. 3B, both vidarabine and foscarnet reduced EBV-DNA
replication significantly in a dose-dependent manner. Also in

Internal Medicine Vol. 42, No. 3 (March 2003)

this assay, the additive effect of a combination of vidarabine
and foscarnet was detected. Neither acyclovir nor
gancyclovir affected the EBV-DNA replication of cells.
These results were completely consistent with the results
shown in Fig. 3A.
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Discussion

Regarding treatment for CAEBYV, several trials have been
reported (11, 12). However, most reports have been anecdo-
tal, and no definite treatments have been established to date.
In the present study, we revealed that two anti-viral drugs,
vidarabine and foscarnet, had suppressive effects on the pro-
liferation of P-NK cells, which were infected with EBV and
were oligoclonally expanding still at the preneoplastic stage.
On the other hand, these drugs were ineffective in YT cells,
which were also infected by EBV and had completely trans-
formed into malignant stages. These results indicate that the
proliferation of P-NK cells is dependent on the EBV activity,
whereas that of YT is independent of EBV. Therefore, these
anti-viral drugs might be useful for preventing CAEBYV in
patients at the preneoplastic stages from the progression of
the clinical course.

Whereas acyclovir and gancyclovir need to be
phosphorylated intracellularly by viral thymidine kinase for
drug activity (13), vidarabine and foscarnet are not required
for viral kinase activity. Previous reports revealed that the
activity of viral thymidine kinase isolated from acyclovir-
resistant herpesviruses was remarkably decreased or absent,
and the acyclovir-resistant viruses were still susceptible to
both vidarabine and foscarnet (14). Vidarabine (9-B-D-
ribofuranosyladenine) is an adenosine analogue and is sup-
posed to inhibit viral DNA synthesis by competing with
endogenous deoxyadenosine (15). Foscarnet (trisodium

phosphonoformate) is an inorganic pyrophosphate analogue

and inhibits viral nucleic acid synthesis by directly interact-
ing with herpesvirus DNA polymerase and blocking its ac-
tivity (16). Considering the difference between the mode of
action of vidarabine and that of foscarnet, the additive effect
achieved by the combination of these two drugs seems to be
reasonable.

Vidarabine is often used for the treatment of infections of
herpes symplex virus (HSV) and varicella-zoster virus
(VZV), and foga—fnet_is used for cytomegalovirus (CMV)-
infection, while both drugs have not commonly been utilized
for the treatment of EBV-infectton (17). Nevertheless, some
recent reports demonstrate the effectiveness of these drugs
against EBV-related lymphoproliferative disorders (18, 19).
Systemic symptoms of four severe CAEBV patients were
shown to be improved by the administration of vidarabine
(18), and treatment with foscarnet was revealed to induce
prolonged remission in EBV-associated post-transplantatio-
nal lymphoproliferations, which were refractory to acyclovir
and gancyclovir {19). The present study and these recent re-
ports suggest that vidarabine, foscarnet and their combina-
tion are emerging as good candidates for possible treatment
of EBV-related lymphoproliferative disorders, such as NK-
GLPD.

References

1} Ishihara §, Ohshima K, Tokura Y, et al. Hypersensitivity to mosquito
bites conceals clonal lymphoproliferation of Epstein-Barr viral DNA-
positive natural killer cells. Ipn J Cancer Res 88: 82-87, 1997.

2} Tokura Y, Ishihara S, Ohshima K, et al. Severe mosquito bite hyper-
sensitivity, natural killer cell leukaemia, latent or chronic active
Epstein-Barr virus infection and hydroa vacciniforme-like eruption.
[tetter] Br J Dermato] 138: 905-906, 1998.

3) Okano M, Matsumoto 8, Osato T, Sakiyama Y, Thiele GM, Purtilo DT.
Severe chronic active Epstein-Bamr virus infection syndrome. Clin
Microbiol Rev 4: 129135, 1991,

4} Ohshima 8, Ishii M, Asada H, et al. A possible mechanism of NK cell-
lineage granular lymphocyte proliferative disorder (NK-GLPDY) in a pa-
tient with chronic active Epstein-Barr virus infection (CAEBV) and
severe hypersensitivity to mosquito bites (SHMB). Intem Med 41:
651-656, 2002.

5) Mori KL, Egashira M, Qshimi K. Differentiation stage of natural killer
cell-lineage lymphoproliferative disorders based on phenotypic analy-
sis. Br J Haematol 115: 225-228, 2001,

6) Saito I, Servenius B, Compton T, Fox RI. Detection of Epstein-Barr

virus DNA by polymerase chain reaction in blood and tissue biopsies

from patients with Sjogren’s syndrome. J Exp Med 16%: 2191-2198,

1989,

Raab-Traub N, Flynn K. The structure of the termini of the Epstein-

Barr virus as a marker of clonal cellular proliferation. Cell 47: 883~

889, 1986.

Kanegane H, Yachie A, Miyawaki T, Tosato G. EBV-NK cells interac-

tions and lymphoproliferative disorders. Leuk Lymphoma 29; 491-

498, 1998.

9) Kimura H, Morita M, Yabuta Y, et al. Quantitative analysis of Epstein-
Barr virus load by using a real-time PCR assay. J Clin Microbiol 37:
132-136, 1999.

10) Kedes DH, Ganem DH. Sensitivity of Kaposi's sarcoma-associated
herpesvirus replication to antiviral drugs. Implications for potential
therapy. J Clin Invest 99: 2082-2086, 1997.

11) Ishida Y, Yokota Y, Tauchi H, et al. Gancyclovir for chronic active
Epstein-Barr vimus infection. [letter] Lancet 341: 560-561, 1993.

12) Kawa-Ha K, Franco E, Doi S, et al. Successful treatment of chronic ac-
tive Epstein-Barr virus infection with recombinant interlevkin-2. [let-
ter] Lancet 1: 154, 1987.

13) Elion GB. History, mechanism of action, spectrum and selectivity of
nucleoside analogues. in: Antiviral Chemotherapy: New Directions for
Clinical Application and Research. Miils J, Corey L, Eds. Elsevier,
New York, 1986: 118-137.

14) Safrin S, Kemmerly 8, Plotkin B, et al. Foscarnet-resistant herpes sim-
plex virus infection in patients with AIDS. J Infect Dis 169: 193196,
1994.

15} Whitley R, Alford C, Hess F, Buchanan R. Vidarabine: a preliminary
review of its pharmacological properties and therapeutic use. Drugs
20: 267-282, 1980.

16) Oberg B. Antiviral effects of phosphonoformate (PFA, foscamet so-
dium). Pharmacol Ther 40: 213-285, 1989,

17) Balfour HH Jr. Acyclovir and other chemotherapy for herpes group
viral infections. Annu Rev Med 35: 279-291, 1984.

18) Kimura H, Morita M, Tsuge I, et al. Vidarabine therapy for severe
chronic active Epstein-Barr virus infection. J Pediatr Hematol Oncol
23: 294-299, 2001.

19) Oertel SH, Riess H. Antiviral treatment of Epstein-Barr virus-
associated lymphoproliferations. Recent Results Cancer Res 159: 89-
95, 2002.

7

—

8

-~

254

Internal Medicine Vol. 42, No. 3 (March 2003)

—378—



British Journal of Haematology, 2003, 123, 263-270

Enhanced production of osteopontin in multiple myeloma:
clinical and pathogenic implications

Yukiniko Saekr,’? Toru Mima,'2 Taeko Iskir,! Artsusui OcaTa.® Hipevuxi Kosavasur,! SHIRo
OnsuImA,' TersusHi Iskipa,® Yurcurro TaBunoki,® HitosHr Kitavama,? Masao Mizukr,? YosHINORI
KaTapa,? HIDEKI Asaoku,” Masavasu KiTaNo,®> NoriHiro NisHIM0T0,® Kazuyuki YosHizaki,®
MasaHIRO MAEDA,” Suicevukl Kon,® Naoxazu KinosuiTa,? TosHimiTsy Uepe® AND IcHIRO

Kawase' Department of Molecular Medicine, Osaka University Graduate School of Medicine, Osaka, *Osaka-Minami
National Hospital, Kawachinagano, *Division of Clinical Immunology, Hyogo College of Medicine, Hyogo, *Department of
Hematology and Oncology, Osaka University Graduate School of Medicine, Osaka, >Hiroshima Red-Cross and Atomic-
bomb Survivors Hospital, Hiroshima, ®Department of Medical Science I, Qsaka University School of Health and Sport
Sciences, Osaka, ’Immuno-Biological Laboratories, Gunma, and ®Division of Molecular Immunology, Institute for Genetic

Medicine, Hokkaido University, Sapporo, Japan

Received 5 March 2003; accepted for publication 2 June 2003

Summary. In this study, we examined osteopontin (OPN)
production in myeloma cells and plasma OPN levels in
multiple myeloma (MM) patients. We assessed OPN pro-
duction in bone marrow cells (BMCs) by immunocyto-
chemistry and enzyme-linked immunosorbent assay
(ELISA). We also assessed OPN production in various B-cell
malignant cell lines, including three myeloma cell lines by
reverse transcription polymerase chain reaction (RT-PCR})
and Western blotting. In addition, we measured plasma
OPN concentrations by ELISA in 30 MM patients,
21 monoclonal gammopathy of undetermined significance
(MGUS) patients and 30 healthy volunteers. As a result, in
an immunocytochemical study, abundant OPN was detec-
ted in BMCs from overt MM patients, whereas no OPN was
detected in BMCs from patients with other haematological
diseases, including MGUS. Cultured BMCs from overt MM

patients produced more OPN than those from patients with
either smouldering MM or MGUS. Myeloma cell lines
spontaneously produced OPN. Plasma OPN levels of MM
patients were significantly higher than those of MGUS pa-
tients and healthy volunteers (P < 0-05). Moreover, they
correlated with both progression and bone destruction of
the disease (P < 0-05). These suggest that myeloma cells
actively produce OPN, which possibly contributes to osteo-
clastic bone resorption in MM. Plasma OPN levels may be a
useful biomarker for assessing bone destruction in MM and
distinguishing MM from MGUS or smouldering MM.

Keywords: osteopontin,  multiple
resorption, osteoclast, monoclonal
undetermined significance (MGUS).

myeloma, bone
gammopathy of

Multiple myeloma (MM) is a malignant disease that results
from the uncontrolled proliferation of plasma cells derived
from a single clone (Billadeau et ai, 1996). The most
common clinical problem in patients with MM is extensive
bone destruction {or bone resorption), which occurs in
almost all patients and is accompanied by severe and
intractable pain and susceptibility to fracture (Roodman.
1997). As histological sections of bone are characterized by
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Kawachinagano City, Osaka, Japan. E-mail: saekiy@omh.hosp.go.jp

© 2003 Blackwell Publishing Ltd

an increase in osteoclast activity occurring adjacent to the
myeloma cells, the bone destruction in MM is suggested to
be caused not only by the invasion (or proliferation) of
myeloma cells but also by the activation of ostecclasts
(Mundy et al, 1974; Bataille et al, 1992). It has been
suggested that the osteoclasts can respond to a certain
osteoclast activating factor (QAF} secreted by myeloma cells
{Mundy et al, 1974; Durie et al, 1981; Bataille et al, 1992).
Although recent cumulative evidence suggests that the OAF
activity is mediated by several cytokines. including inter-
keukin (IL)-1B ({(Cozzolino et al. 1989), lymphotoxin
{tumour necrosis factor beta: TNFpB) (Bertolini et al, 1986;
Garret et al, 1987) and IL-6 {Bataille ¢f al. 1989; Bataille &

263

—379—-



264 Y. Saeki et al

Klein, 1991), the factor (or molecule) directly invelved in
bone resorption of MM is still unknown.

Osteopontin (OPN) is a secreted phosphoglycoprotein,
originally isolated from the bone extracellular matrix
{Oldberg et al, 1986; Prince et al, 1987). OPN is expressed
by varicus cell types (Denhardt & Gou, 1993), including
osteoclasts. macrophages, activated T cells, smooth muscle
cells and epithelial cells, and is present in several tissues
including bone, kidney, placenta, smooth muscle and
secretory epithelia. OPN contains an Arg-Gly-Asp {RGD)
sequence that interacts with avpl, B3 and p5 integrins, and
is capable of promoting cell attachment, chemotaxis and
signal transduction in several different cell types (Miyauchi
et al. 1991), OPN is now suggested to be involved in normal
tissne remodelling processes such as bone resorption,
angiogenesis, wound healing and tissue injury as well as
certain diseases such as vascular restenosis, atherosclerosis,
renal diseases and tumorigenesis. On the other hand, the
mechanism for osteoclastic bone resorption has been
clarified at the molecular level in studies using knockout
mice {Soriano ¢t al, 1991: Grigoriadis et al, 1994: Tondravi
et al. 1997). The attachment of activated osteoclasts to the
bone surface is a critical step in bone resorption by
osteoclasts. and this step is mediated by the ligation of
OPN with ovf3 integrin (Reinholt etal, 1990). This
suggests that OPN plays a crucial role in bone resorption
by osteoclasts. Recently, we and other investigators
demonstrated that OPN plays a significant role in certain
bone-resorbing pathological states (or diseases) including
rheumatoid arthritis (RA) (Petrow et al, 2000; Ohshima
et al, 2002a,b; Yumoto et al, 2002) and post-menopausal
osteoporosis (Yoshitake et al, 1999). As MM is an osteo-
clastic bone-resorbing disease, as mentioned earlier, OPN
may play certain roles in bone resorption in MM. However,
there have been no studies regarding OPN in MM.

In the present study, to investigate the involvement of
OPN in bone resorption of MM, we examined OPN produc-
tion in myeloma cells and plasma OPN levels in patients
with MM.

PATIENTS AND METHODS

Patients!/samples. This study was approved by the human
ethics review committee of Osaka University Medical School.
Written informed consent was obtained from each patient
and volunteer. We obtained blood samples from 30 patients
with MM. All patients fulfilled the diagnostic criterta of MM
(Kyle, 1992). The staging of disease was performed accord-
ing to the Durie-Salmon staging systemx based on the
assessment of tumour mass (Durie & Salmon, 1975). Six
patients were stage I (low tamour mass) MM patients who
showed no bone lesions or osteoporosis. Stage I MM s
referred to as smouldering MM. The remainder of the
patients {24 patients) were stage III (high tumour mass}
MM patients who showed one of the following abnormal-
ities: (1) haemoglobin < 8-5 g/dl, haematocrit <25%;
(2) sermn calcium > 3-012 mmol/k; (3) very high serum
or urine myeloma protein production rates; (4) > three lytic
bone lesions on bone survey. In addition, we classified the

stage III patients into two groups according to the
assessment of their clinical disease activity, such as their
response to treatment. Twelve were inactive stage HI
patients, and the remainder were active. As a control. we -
used blood samples from 21 patients with monoclonal
gammopathy of undetermined significance (MGUS) and 30
healthy volunteers. The patients with MGUS were diag-
nosed according to the criteria of Kyle & Lust {1989}. The
MGUS patients showed the following abnermalities:
(1) serum monoclonal protein <3 g/dl, either no or small
amounts of Bence Jones proteinuria; (2) <10% marrow
plasma cells and no aggregates on biopsy; (3) no anaemia,
renal failure or hypercalcaemia {bene lesions absent). We
also obtatned bone marrow cells {(BMCs) from three patients
with overt MM and five patients with different haematolo-
gical diseases {(MGUS, myeledysplastic syndrome, idiopathic
thrombocytopenic purpura, acute mpyelocytic leukaemia,
hereditary spherocytosis).

Immunocytochemistry for OPN. We examined OPN
expression in BMCs freshly prepared from three patients
with overt MM by immunocytochemistry using the avidin-
bictinylate peroxidase complex method. As a control, BMCs
from five patients with different haematological diseases.
including MGUS, were used. BMCs were isclated by density
gradient centrifugation. Freshly prepared 1 x 10° BMCs
from each patient were spun down on a glass slide using
Cytospin 2 (Shandon Southern Products, Cheshire, UK).
The slides were kept at -80°C until used. A mouse
monoclonal immuneglobulin (Ig) G anti-human OPN anti-
body. 4C1 generated by our laboratory (Kon et al, 2002},
was used as the primary antibody. An equal concentration
of irrelevant mouse IgG (Pharmingen, San Diego, CA, USA}
was used as a negative control for the primary antibody.
Biotinylated horse anti-mouse IgG antibody (Vector Labor-
atories, Burlingame, USA) was used as the secondary
antibody. The cytospin slides were fixed with cold iscpro-
panol for 2 min. After blocking with 10% normal horse
serum, they were incubated with either 4C1 or the control
antibody overnight at 4°C. Then, endogenous peroxidase
activity was blocked by applying 0-3% hydrogen peroxidase
dissolved in methanol for 30 min. After washing with
phosphate-buffered saline (PBS), the slides were incubated
with the biotinylated secondary antibody for 1 h at room
temperature. After washing, they were incubated with the
avidin—horseradish peroxidase complex (Vectastain Elite
ABC kit: Vector Laboratories) for 1 h. Then, the colour
reaction was developed using diaminobenzidine tetrahydro-
chloride (DAB) substrate solution, and the slides were
counterstained with Giemsa's stain solution.

Reverse transcription polymerase chain reaction (RT-PCR)
analysis for OPN. We examined OPN mRNA expression in
various B-cell malignant cell lines [RPMI 8226, U266,
ARH77: myeloma cell lines; Daudi, Rameos, Raji: lymphob-
lastic-like B cell lines from Burkitt's lymphoma: Kopn-8:
a pre-B-cell line from human leukaemia (Matsuo & Drexler,
1998); NALM-16. REH: prepre-B-cell lines from human
leukaemia (Matsuo & Drexler, 1998}] by RT-PCR using
primers specific for human OPN (the sense primer
5-GGACTCCATTGACTCGAACG-3"; the antisense primer
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