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. Regulatory mechanism of osteoclast differentiztion and function

BHEE

FHIEZ' BEEZ’

FEEY : weamm, A¥Ep, 2RI, RANKL, &L
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HoH, BEHMRALEFHROBEINT A4
hal, FPHBERCABOERR EOEERMN
FlEREZEhb. Bl 2o0%H
AHE. 1203 HENICHEETTLD TR L
LCHRETHH, 312NV A (Ca)
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RHET LR THE L, B2 Caol
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1. BEHRL L TORHER

BEARIEERCOLEEL, FRINEE
IEEMETHE B/~ ru7r—YRO
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MEzlcA b L7tk EwitlHEL, SHOBE
HMBEMNERIRLY, COREHMROMMEE%
BRBIE, FERERELIFFEMRICI YT
RE SN TwD, 19984, EFMICERL,
BN BRErAD T I2RERRSL
B F RANKL (receptor activator of NF-«B lig-
and) B o—=rrEht, BERIGEAMA A =
ALD—HEGFL<rTHLRIRERE(IR
1). T4bb, BEFEREIBEEEROS LIS
H & EHFTHH M-CSF(macrophage colony—
stimulating factor) & RANKL 2 88+ 2", —¥,
BRI R, M-CSF %54 (c-fms)
& RANKLEF5#(RANK) #8817 5. BEMB
RETRERL, FFAR:oMBREML A
L TRANKL:*E2# L, M-CSFOEET TR
BARIAMET 5. $7, BFAMIE, RANKL
DOFaL LTy —T3 5 OPGosteoprote
gerin) b F#T 5. OPG i, RANKL & RANK
DRETHENIHET 2 FRNHMEFTH
5.
EFMIZE2M-CSFORBREEN T
55 oixt L, RANKLOREHII 1,25(0H).Ds
{1,25-dihydroxyvitamin Dy}, PTH (parathyroid
hormone), PGE:(prostaglandin E), IL-11(io-
terleukin 1) % YOBRMAFIZ L DBERE
A% 1L,25(0H).D;it¥ % 2 DEFEENVDE
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nase C) & ERK(extracellular signal-regulated
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HIig/~ru7 7 — Y RERIEEHEGHRA~D
Sy, AERECITERTAEL VHEIR/<
ru77—VHHOBEEE R, BRINAE Y

Bta BEHROR—-F—-5FELTHTS
KR HALY b2 EEE, phO -, A
EHHSERA 7 77 -E(TRAP 2 516
Tw5h, HE/vro7r— VRIEAK» S
ML - BRI, BWRgksirnt
TAHEINLOT—H—FFTNTRET L. £
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ViIHBRBHRADTMETEETA2EELO
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L, EE{eRIIshi b B, BES
REERMAROBET Y /) —AEA, Sfkicf
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¥/ HMRBSICHESTIEEQOELT,
ADAM (a disintegrin and metalloprotease do-
main) AEHENB, ADAM 77 I —A /9
—i¥, metalloprotease domain, disintegrin do-
main, cysteine-rich domain, EGF#7) ¥—
Mk, SBREFALEFHETE. ThbHo
BC, {75 ST 5 disintegrin do-
main iZHBERSICLEST AT RENERES
RTwa, SHICEET 2 fertilin $AHIFEHABO
BEaieMEd 28T L LTER SN meltrin
H ADAM 77 3V —2A»8—TH 5. meltrin
E3BEOAf Vv Ir—dla f y)diro—=
YHENTWA, IO5h, o L RIEERELE
BIZOAREALTWIEVHY BEEROR
Eilmeltrin-a PFRETHTREEVFRES
727 BIEEWI kif, v/ —A & meltrin-e
it, LHIIBSILELZHICOAREL, M
ENRTTLLRAIMTTLEETHD. £

FROBERE BT A ERMBSARIZTHAIY,

MASGTFORBIKREIHBERTWELER
Lhb.

HMFEE L MM EEERL I ATEETSH
5. 475 vk, RGDEFI £ ERT 28R
H= b)) 2 ADREET, EELARERIIH,
PbILEEHTH L. WEMRBGEEEOL »

FrIYERBALTWE E0biF, add
YFINAEPORIFLET =)L
EHLTWwWA LD, +0RFEESLE,
Mol acZd T 7IVIZRENICHEST
% echistatin VB FHfa oRS £ I06) 3 5
CERHELAY HIL, M-CSFAFEHRSTLHE
BEEMROESHEEETLILEV). DL
Al a’vﬂs £ 7)) Vi HRGES A L.,
HEHRECHEREEREETLILOEEZ LN
3. —F, A7) e IIEENS
LTwAMEELIERENS. vV AOETHT
ik, BREED a4 ¥ 77 ¥ LIFTFO ferti-
lin-3AHESL, MREEIET 2% ADAM 7
TIV—RAYN—E Ay F TV VLB ESF
FHEEIERIR, HEAROREIILEASLTY
A0 % LhZ (i 2).

B edlloBerERRETLIATEL
T, RANKL, M-CSF, IL-1, TNFa, LPS#®
HiFoh s, EHEET NFAT2(NFATC1) 588
Miaoa{b2FET 2 LAt ESh, TOF
#HHEH SR T3, Ishida &k, #HEHE
okt 28I E R AR 5T & LTNFAT2
FRVWALALY. NFATRZ ORBRHEEHEET ZE
A4 2 oAHE) AR, RANKLAERTZ
RAW264 i O B F RO MBS L 2
WAL EEEMRBOBERIMN LW,
2, NFAT2 @ antisense % RAW264 K185
H a5 L, RANKL UMD TRAP-itHiM
RO BB IIF s ind, SRS
haZ beHEL. BiE, NFAT1{(NFAT:Z)
i3, IL40EEOREXNLTHIMAROR
EERETIEMFRES AT, 0L,
NFAT B EHMROBSABR LR L ThaT
AR NN AT (-

3. EM LI 2 BRNAERT

ToXHILTERELABREARE, Yo
TS ERDEEERRATHOEL5 0 B
WIRFIT-> T2 HEHEMRE, EREIICHF
(clear zone) & #H4K4F (ruffled border) 2 FEL L.,
ArEt 2Ry (EB3). BEMAME, mikstk
h7a b (H)LEERS+ 2 (Cl17) 2 BEICK
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BL, eFuxs7ayf MERERIKT 5.
FOiw, EHEGIZIIV-ATPase(fiAR 7D
b »-=ATPase) EClF v R APEBF LT3
(B4). T, BEREPOAFTL KR ED
EAGBEZLFWsh, FEEEROSEDS
RBaEND. ‘
IOEIBLERNERBETAIN, Ll
L22o0Y I ARNERICESTLLEND
BEELLND. EFEBRKA NV LTS
i & > 1 & TRAF6(TNF receptor associated
factor )% T2 ¥+ THH(E3I. BHF
WA, av@hAfrFFY e LTEERID
BETH BEHICLD, Pyk2(prolin-rich tyro-

sine kinase 2(focal adhesion kinase @ =-€0O

7)), pl30%™, pb0° * L &AEFLI) NV~
FaR, BFLIFLESENERIRLH,
BIEELIEVWI D rF0i, CoRat?d
frL, IRREEREES 72 AR EE

TE)IE.IZ‘;

LA L, #fbU7-meding, FHECES
EETLERNEEZRFAL w0, BOL Y
FULLBETHLI Lhbh s, el b
H4rERFELL-EZA, RANKL, IL-1, LPS
A%, #AEL 2B SR o BRI GRIRBRRR) &
BESTHIEARENTVA'Y, RANEK, IL-1
S5, Toll-#E#{k4(TLRY, LPSEEH)
i3, TRAF6 % #D L 7+ MV ERGFELT
FHT B 56, BBHAROERERRIZIE
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M3 RRBTRENNTES TFLE

TRAFE #3523 ¥ L L BEEEZ ENDY
miz, BRI EETIERELT, BER
BiawTohs BEHRRL, 8D car
bonic anhydrase II @ mRNA OERYRH Fv
— LR EREL, V-ATPase OEHE% 7136
BRI EAMEShTwA, £, BAESE
TR LRSS E L (M AT, —
%, V-ATPase i Triton x—100 % ¥ O REE R
Az k aiE{bICEREETL, TEESEIC
BAZENG, HIREHIZL - THEITh AW EE
HrREsha® BEEARIIERNIEDS
HBV-ATPase a3 ¥ 7 1= MIF3 5%
BIBETHWTRERETSE, RNEORE
& —H T 5™ V-ATPase DN EMHEERT
% 3 bafilomycin A CHEEHERFNETZ L,
ER il N ATl CIERGOBR LI SN D 7
&, V-ATPase iGTEE f54¢, WFHEOEEL
ST EELONRDY a3H Ty b
BEEFLORARERTY A (oc/ocTTR)D

WEMRTIE, BEEN~® V-ATPase DHLI%
HMEH LY, BREERLTHOIAZ WD
LSRG E BRI R ITRIC oL
STVAELDEIEEINEG,

4, EHEL WA RIRORE

Viininen 51, BRINZ T TWAHEAM
FROBGELEELANL, BERHITMALHE
L7=7*, B, Bl AERERIUM
B2 (transcytotic vesicle) o Ek L T iKE U2
POE AN, EEABE(FFAGA -
YA)VERET apical BERALFWLTWAE & W
9. 6, T o apical $iR % functional secre-
tary domain (#2BER9F- A SH IS ¢ FSD) & & fH1T
Twa, FSDIZE, 28074 VAEBLIY
RicExshs e, FARBUNMIAMFESD
HRTAIIENS, ROBEEREREAEHE
ErdoEw ™, LidaT, BRRELT
S TWAEEHEOMBEL, HeEmicb s
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H4 FEOET>TVIWARROE04 2ORLIEERE FORE

% 4 DO BRER (O EREFE R (ruffled border
domain), @ BAH5 48K (clear zone domain), @
FEEM IR (basolateral domain), DN
HE(FSD) ) iz o h 3 (H4).
ARG, HIBICET 2B ERS
NDHMBICADMALE R AL VT, BPER
GEBEEFSUTILELICHEELARARR
P+3. 2oy, #RGHEREZEICFER
ERNERICaBEEhLEV Y,
AREROESEE, F-72F 00 Fy F(#
FY—2)A8 Y Z7RICEBELZLOTH S,
O, BRIV IV OEZLECOER
HBERBTOL 72 ABGEEELLLE,
EERAFEEOBEITHATH LY, ZORL
{ZHCO: /Cl™ exchanger *F7E L, FHmayEs
DFYETEIZTENOTHSH, 372, TOF
A M- RAENDBIFYR72) TS
—OFRE Y, ZEEAEZO-KROEIR, #Hik
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ZTOEHCEREE T T WA EEHIIAEE
EEEL-HBTH L BEEROFRITE
Retd, ThEhOBEERFMEOREF T

CLTHFENEDTHA .
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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. Tomital, 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 rhenmatoid arthritis (RA) or osteoarthritis (OA).

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
cytokines. We examined various characteristics, including osteoclast markers, fusion index and bone-resorpticn activities of the
multinucleated giant cells.

Results. Multinucleated giant cells were induced from the CD14-positive cells in the SF of the RA and QA patients by the
addition of interleukin (IL)-3, IL-5 and I1-7, or granulocyte-macrophage colony-stimulating factor (GM-CSF), respectively.
These multinucleated giant cells were positive for tartrate-resistant acid phosphatase (TRAP), carbonic anhydrase I1, 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 OA 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, Osteociast.

Rheumatoid arthritis (RA) is a chronic inflammatory discase 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
seenin 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-o (TNF¢), 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 themin 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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morphelogy 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 (formerly, the American Rhenmatism 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 I8-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, CD135 or CD19 (all
from Becton Dickinson, Franklin Lakes, NJ), and phycoerythrin
(PE}-conjugated anti-human mAbs that were specific for CD14,
CDI16 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; Gibce BRL,
Gaithersburg, MD) that was supplemented with 10% heat-
inactivated fetal calf serum (FCS; Gibco BRL} and 100 U/mi 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. After 3 to 5 wecks 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 CDI14-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-CD4 antibody, according to the manufacturer’s
instruction. .

Formation of multinucleated bone-resorbing giant cells
from CDI14-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, 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 medivm (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 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 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 tartrate-resistant acid phosphatase
{TRAP). TRAP staining was performed with a stajning kit (Sigma
Chemical Co., St. Louis, MQ) in accordance with the manufac-
turer’s instruction. May-Grunwald-Giemsa staining involved a
S-min incubation with a 1:1 dilution of May-Girunwald 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 CD14-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 a goat pclyclonal antibody
that was specific for the calcitonin receptor (Santa Cruz
Biotechnology).

Cytokines and reagents

rhlL-3, IL-5, GM-CSF and M-CSF were purchased from R&D
Systems (Minneapolis, MN). thIL-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, 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, 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%
NaClQ and 5.2% NaCl to remove the cells, dried, and examined by
phase-contrast microscopy. The resorbed area on cach disc was
measured using the MacSCOPE image analyser (Mitani Corp.,
Fukui, Japan).

Statistical analysis

The values are presented as the means + standard deviation (5.0.).
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+ 7.8x 10%/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 CDI16. 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, 18.1+£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.
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Differentiation of cultured CD14-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 groups of patients. We counted the nuclei in zll 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 multi-
nucleated cells were positive for carbonic anhydrase II, 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 cells were calcitonin receptor negative. IL-5, IL-7, GM-
CSF and a combination of RANKL and M-CSF also induced the
differentiation of CDl14-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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F1a. 1. Morphological examination of multinucleated giant cells that were derived from CD14-positive cells trom 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 nuclet compared

with those from the OA-SF. Original magnification x100.
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Fic. 2. The number of the multinucleated giant cells was
counted. The nuclei in all of the multinucleated cells with five

nuclei or more were counted. The average number of nuclei was
significantly higher in the RA group. *P<0.05 vs OA.

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 deterrnine the ability of multinucleated cells to absorb
bone, the CDI14-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 CDI4-positive monocyte-like cells in tke 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 4 19.52; P < 0.05) than that formed by
the OA-SF (3.0£2.0) (Fig. 7). 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 cuitures, in which the extent of resorption was
46.04£6.35%, as compared with that of the OA-SF cultures
(12.38 £2.18%,; P < 0.05) (Fig. 8). When the CD14-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).

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 ceils were increased in the RA-
SF. While the percentages of monocyte/macrophage cells were
similar, the absolute numbers of those cells were significantly
higher in RA-SF than in OA-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 multinucieated cells that were derived from CDI14-positive

FiG. 3. Examination of resorption pits formed by multinucleated bone-resorbing giant cells on dentin slices. The CD14-positive

monocyte-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.

Fic. 4. 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 CD14-positive cells from the RA-SF, but (B) not
formed in OA-SF. Original magnification x100.
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Fic. 5. Immunocytochemical examination of multinucleated giant cells which were derived from CD14-positive cells from the RA-SF.
The CD14-positive monocyte-like cells were cultured with IL-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.
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Fis. 6. IL-3, IL-5, IL-7, GM-CSF and a combination of RANKL

and M-CSF induced the differentiation of CD14-positive
monocyte-like cells into multinucleated cells. *P <0.05 vs OA.

monocyte-like cells were increased in the RA-SF. In these
functional parameters, high bone-resorbing activity of multi-
nucleated cells in the RA-SF may be related to the survival rate
or the number of multinucleated cells.

We reported previously that CDl4-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
differentiated into multinucleated bone-resorbing giant cells when
stimulated with IL-3, IL-5, IL-7 or GM-CSF in the absence of
accessory cells. The RA-NLCs were shown to play an importantrole
in the differentiation and maturation of lymphocytes through
pseudoemperipolesis it RA joints [29-31]. In the primary cultures
of SF mononuclear cells, the relatively large, round-shaped, non-
adherent cetls and adherent cells predominated after 3 weeks, and
some of these adherent cells had nursing activities (H. Takano,
personal communication), which suggests that adherent celis with

200~ #

180 ' ]
160 -
2140
120 -
100 -
80 -
60
40 1
20-
0 S s B

RA 0A

FiG. 7. Comparison of capability of resorption pit formation on
dentin slices between bone-resorbing giant cells which were
derived from CDI14-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 QA-SF.
*P<0.05 vs OA. -
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nursing activities may play arole 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 haematopoietic celis,
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 and 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
et al. [3] reported that both IL-3 and GM-CSF induced the differ-
entiation of haematopoietic precursor cells into osteoclasts in the
absence of stromal cells [3].
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F1G. 8. Comparison of capability of resorbing area on Osteologic
discs between bone-resorbing giant cells which were derived
from CDl4-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-SF cultures. *P<0.05 vs OA.
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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
mixture of RANKL and M-CSF exhibited weaker induction of
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,
IL-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,

In this study, the fusion indices and functional parameters of
the multinucleated cells, which were derived frotn 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
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,
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
resorption activities. Our 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
the differentiation of monocyte-like cells into TRAP-positive
preosteoclasts. A detailed investigation of the differences in
CD14-positive cell populations between RA and OA patients
is underway.

In conclusion, CD14-positive cells and activated T cells in the
RA-SF may play important roles in RA pathogenesis, which is
characterized by progressive bone destruction and the enhanced
function of haematopoictic 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
effective treatments for joint destruction in RA patients.
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Abstract. Tumor-intiltrating lymphocytes (TIL) play a central
role in cellular immunity against tumor, We have revealed
the characteristics of TILs in terms of T-cell receptor (TCR)
repertoire, T-cell clonality, and cytokine production. TCR
repertoire analyses and CDR3 size spectratyping were
performed using peripheral blood mononuclear cells (PBMCs)
and tissue specimens of gastric or colorectal cancers surgically
resected from 11 patients. The cytokine expression was
measured by real-time quantitative polymerase chain reaction.
TCR repertoires were similar among multiple tissue specimens
from different sites of the same tumor. Similar peak patterns
of CDR3 size spectratyping were obscrved among these
tumor specimens, but not in normal tissues or PBMCs. In
addition. identical peaks were detected in multiple specimens
of the same tumor. The ratio of the levels of IFN-y to that of
114 is significantly higher for tumor lesions compared with
PBMCs. These results suggested that a limited number of
TILs locally expand in response to tumor antigens exiting
within gastric or colorectal cancers and Jocal predominant
production of the T helper [/T cytotoxic 1 type cytokine may
affect the anti-tumor immunc response of TILs.

Introduction

The host immune system recognizes tumor cells and tries
to reject tumors such as melanoma. In the anti-tumor
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response, tumor-infiltrating T lymphocytes (TIL) are
known to play a significant role (1), TILs are enriched with
T-cells, which recognize antigens expressed on the surfuce of
autologous tamor cells (2). Differential antigens such as
Melan-A/MART-1 (3-5), tumor-associated antigens (6) or
mutated self-antigens (7) have been defined as mamor-specific
antigens. These antigens or antigen peptides specific for
tumors have been developed [or cancer vaccines, which
can induce anti-tumor-specific T-cells. Many approaches to
therapeutic cancer vaccine development have been under
clinical trial.

In many human cancers other than melanoma, the anti-
tumor response mediated by T-cells occurs in Himited local
sites around the tumor, although the immune response in no
way controls amor growth. Gaudin et al has already described
local expansion of T-cell clones in renal cell carcinoma (8).
Howcver, little is known about whether TILs respond to
tamor antigens in patients with gastric or colorectat cancer
and what the functional characteristics of the TILs are.
Proliferation of T-cells specific for tumor antigens can
skew TCR repertoires in local sites around the tumor.
Determination of the usage of TCR repertoires at local sites
allows us o demonstrate that the existence of TILs that
can exert an anti-tumor immune response and enable vs 1o
clarify the characteristics of TILs. T-cells recognize a peptide
antigen present on the surface of a major histocompatibility
antigen (MHC) molecule (9). Therefore, TILs that recognize
2 common antigen are thought to express the same or
similar T-cell receptor. Analysis of the specific T-cell receptor
(TCR) of TIL can provide information on the nature of the
antigen(s) recognized by TIL. If a common mwmor antigen
can be defined, it should enable us to effectively induce uan
anti-tamor immune response for therapy. '

Cyloloxic T-cells play an impertant role in cellular
immunity against tumors. It has been reported that CD8
positive anti-lumor T-cells infiltrate local lesions of human
colorectal mmor tissue (10) and renal cell carcinoma (11).
Furthermore, cytokines are key molecules that modulate the
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function of T-cells. T heiper type 1 cells (Thl), Th2, T
cytotoxic | cells (Tcl). and Tc2 play immunoregulatory roles
(12.13). Alicrations of T cytotoxic type 1 (Tel)/T cytotoxic
type 2 {Tc¢2) subsets may cause host anti-tumor immune
responses (14-16). Although cytokine expression patterns
in TILs isolated from various tumor cell types have been
reported, the changes of cytokine production in TILs are still
somewhat controversial,

To elucidate the characteristics of T-cells infiltrating tumor
tissues, we analyzed TCR variable region repertoires within
tissue specimens from surgical lesions of patients with gastric
or colorectal cancer. In addition, we analyzed T-cell clonalities
by CDR3 size spectratyping with these tissues. We found
similar TCR repertoires among multiple specimens from
different sites of the same tumor, suggesting that the rumor-
specific T-cells recognize common antigens in tumor lesions.
Furthermore, we examined the expression levels of several
cytokines such as TFN-y and IL-4 by real-time quantitative
polymerase chain reaction. The elevated levels of IFN-y/TL-4
were observed in tumor lesions compared to PBMCs. The
results suggest that polarization of TIL toward Th1/Tct subsets
has an effect on the anti-tumor immune response.

Patients and methods

Patients and samples. Tissue specimens and peripheral blood
mononuclear cells (PBMCs) were collected from )1 patients
who underwent surgical operations at Tohoku University
Hospital (Table 1). The tissues were freshly collected from
tumor specimens immediately after the surgical operations,
Fresh specimens were collected from one or more different
sites of amor resected from the same patient. Each of the
specimens was obtained from a location distant from the
others by punch biopsy. The tissucs were immediately frozen
in liguid nitrogen for RNA extraction. Tissue samples in
which lymphocyte infiltration was verified by histological
testing were used for znalyses. Normal tissue samples around
tumor, in which few lymphocyte invasions were found,
were used as a control. PBMCs were collected at the time of
the operations. All samples used in the present study were
coltected after informed consent had been obtained.

TCR repertoire analyvsis. The methods for isolation of RNA
from PBMCs and adaptor ligation-mediated polymerase
chain reaction (PCR) were previously reported (17,18).
Freshly isolated RNA was converted to double-stranded
¢DNA using Superscript cDNA synthesis Kits (Invitrogen,
CA) according to the manufacturer's instnictions, except that
a specific primer (BSL-18) was used. The PIOEA/P20EA
adaptors were ligated to the 5'-end of cDNA and this adaptor-
ligated cDNA was cut with Norl. PCR was performed with
T-cell receptor u-chain constant region (TCRAC)-specific or
T-cell receptor B-chain constant region (TCRBC)-specific
primers (CAl or CB1) and P20EA. The second PCR was
performed with CA2 or CB2 and P20EA. The third PCR was
performed using both P20EA and 5'-biotinylated CA4 or
CB4 primer {or biotinylation of PCR products. TCRAV and
TCRBY repertoires were analyzed by microplate hybridization
assay (MHA) (17.18). In short, 10 pmol of amino-modified
oligonucleotides specific for TCRAV and TCRBV segments

MATSUTANI et o ThI-TYTE TIL TN TUMOR

Table 1. Patient characteristics,

Patient Age  Sex Diagnostic Stage Recurrent
1 64 M Sigmoid colon 2 -
2 73 M Gastric 1b -
3 53 M Sigmoid colon 4
4 68 M Gastric 3a +
5 65 M Gastric +
6 68 M Transversum

Colon 3a -

7 73 M Rectal 2 -
8 33 M Recral 3b -
9 74 M Rectal 2 -
10 70 F Rectal 2 +
11 50 M Rectal 3a -

were tmmobilized onto carboxylate-modified 96-well micro-
plates (C type. Sumitomo Bakelite, Tokyo. Japan) with water-
soluble carbodiimide. Prehybridization and hybridization
were performed in GMC buffer (0.5 M Na,HPO,, pH 7.0,
1 mM EDTA, 7% SDS and 1% BSA) at 47°C. Sixty microliters
of denatured 5'-biotinylated PCR products mixed with an
equivalent volume of 0.4 N NaOH/10 mM EDTA was added
to 6 ml of GMC buffer. Hybridization solution, 100 ul, was
used in each well of the microtiter plate containing immobilized
oligonucleotide probes specific for the V segment. After
hybridization, the wells were washed 6 times with washing
buffer (2X SSC, 0.1% SDS) at room temperatore and then
with VA (04X SSC. 0.19% SDS) or VB (0.6X 5SC, 0.1% SDS)
stringency washing buffer for 10 min at 37°C. The blocking
of non-specific binding was done with 200 11 of TB-TBS
buifer [ 10 mM Tris-HC1.0.5 M NaCl, pH 7.4,0.5% Tween 20
and 0.5% blocking reagent (Roche Diagnostics. Germany)].
Next, 100 pl of a 1:1000-diluted, alkaline phosphatase-
conjugated streptavidin (Invitrogen) in TB-TBS was added.
and the sample was incubated at 37°C for 30 min. The plates
were washed 6 times in T-TBS (10 mM Tris-HC1, 0.5 M
NaCl, pH 74, 0.5% Tween 20). For color development, 100 ui
of substrate solution (4 mg/mi p-nitro-phenylphosphate,
Sigma, in 20% diethanolamine, pH 9.8) was added. and then
absorbance was determined at 405 hm.

T-cell clonality analysis with CDR3 size speciratyping. PCR
for CDR3 size spectratyping was performed for 30 cycles
in a 20-u] volume under the same conditions as described
above. PCR was performed with 1 pl of the second PCR
product, 0.1 uM of 5-Cy5 CA2/CB2, and 0.} uM primer
specific for cach variable segment. The ofigonucleotide
probes for hybridization were used as primers specific for
each variable segment. Five microliters of 1:20 or 1:50
diluted PCR product in dye solution {95% formamide, 10 mM
EDTA and (.1% bluc dextrane) was analyzed in 65 denatured
acrylamidc gel with an ALFred scquence analyzer (Pharmacia
Biotech, Uppsala, Sweden). The duta obtained were transferred
to Fragment Manager Software (Pharmacia Biotech). As a
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Figure 1, Representative results of T-cell receptor (TCR) variable region a-chain (TCRAV) and TCR 8-chuin (TCRBV) repertoires in patients with gastric or
calorectal cancer. TCRAV (left) and TCRBYV (right) repertoires were analyzed with a peripheral biood maronuclear lymphocyte (PBMC) and two samples
from difterent sites of the same tumar. Percent {requencies of expression levels in each sepment are shown. The segments. in which a high lavel of expression

ahove the control levels was found, are shown by closed bars.

control, PBMCs from 10 healthy donors were also analyzed
for the peak patterns, revealing multiple peaks as Gaussian
patterns with 3-nucleotide intervals in each V segment.

Quantification of cytokine mRNA. The expression levels of
mRNA of interleukin-2 (TL-2), interferon-y (IFN-vy), inter-
leukin-4 (IL-4), interfeukin-5 (TL-5}, and tumor necrosis
factor-u (TNF-u) were examined for PBMCs, normal tissues
and tumor lesions of patients with real-time quantitative
polymerase chain reaction (PCR) using GeneAmp 5700
Sequence Detector (Applied Biosystems, CA). Freshly
isolated RNA was converted to ¢cDNA using Superscript™
reverse transcriptase T (Invilrogen, CA). Next, one-tenth of
the cDNA was amplified with gPCR Mastermix for Sybr™
Green I (Eurogentec. Belgium) according to the manufacturer's
instructions, Primer pairs specific for each cytokine gene
were used (19). The Cy, or threshold cycles, values were
obtained with 10-fold dilution of PCR products ranging from
20 to 0.0002 amol/m! within the exponential phase of the
PCR. For standard curves, the C; values were plotied against
the known amount of PCR products, Glvceraldehyde-3-

phosphate dehydrogenase (GAPDH) gene was used for the
internal control. The results were expressed as the ratio of the
amount of the respective cylokine-specific cDNA to the
amount of GAPDH-specific cDNA.

Determination of nucleoride sequence of CDR3 regions. PCR
was performed with a forward primer specific for the variable
region (VA7-2 or VBI13-2) and a reverse primer specific for
the constant region (CA4 or CB4) under conditions described
ubove. Primer used in this study was us follows: VA7-2-:
TTCCTTAGTCGGTCTAAAGGG, VBI3-2: GAATTTCCT
GCTGGGGTTGG, CA4: ATAGGCAGACAGACTTGTCA
CTG, CB4: ACACCAGTGTGGCCTTTTGGGTG. After the
PCR products were eluted from agarose gel, the PCR products
were cloned into pCR2.1-TOPO vector with TOPO TA
Cloning kit (Invitrogen, CA). DH5a-T1* competent cells
were transformed with the recombinant plasmid DNA.
Sequence reaction were performed with BigDye® Terminator
v3.0 Cycle Sequencing Kit (Applied Biosystems, CA) and
analyzed by ABI PRISM 3100 genctic analyzer (Applied
Biosystems).
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