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Abstract Tyrosine kinase ¢-Sre plays an essential role in
rulfled border formation and bone resorption in osteoclasts:
however, it is unclear how ¢-Sre controls ruffled border
formation during bone resorption. To address this question.
we investigated the role of cortactin, a ¢-Sre substrate, in
osteoclasts. We found that cortactin showed colocalization
with ¢-Sre and actin rings in osteoclasts. Overexpression of
cortactin stimulated actin ring formation in RAW 2647
cells. In contrast, overexpression of Csk inhibited tyrosine
phosphorylation of cortactin and binding of cortactin to ¢-
Sre. More importantly, overexertion of a mutant cortactin
strongly suppressed actin ring formation and bone resorb-
ing activity in osteoclasts. Collecuively, our data mdicate
that cortactin controls osteociastic bone resorption by regu-
lating actin organizalion.

Key words cortactin - ¢-Sre < osteoclast

Introduction

A tyrosine kinase, e-Sre, plays a eritical role in actin organi-
zation and eytoskeletal structure [1]. Mice deficient in the
c-Sre gene manifest an osteopetrotic phenotype due to dis-
order of the rufficd border formation that is casential for
osteoclastic bone resorption [2.3]. Consistent with these in
vivo findings. osteoclasts isolated from ¢-Sre-deficient mice
fail to form actin rings. which arc structures corresponding
to the clear zone [4,5]. These findings supgest that c-Sre
regulates actin organization and exhibits an essential role in
the bone resorbing activity of osteoclasts. However, the
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molecular mechanisms by which ¢-Sre controls hone resorp-
tion in osteoclasts is unknown,

Cortactin has been wdentified as a ¢-Sre substrate |6].
Cortactin regulates actin polymerization by activating the
actin-related protein/3 (Arp2/3) complex and stabilizes the
cortical actin network {7]. Recently. Arp2/3 was shown 1o
be required for actin ring formation in osteoclasts [3]. We.
thercefore, specalated that cortactin is implicated in regula-
tion ol osteoclastic bone resorption as a downstream signal-
ing molecule for ¢-Sre. We found that cortactin shows
almost identical localization with actin rings in osteoclasts.
Furthermore, overexpression of mutant cortactin impaired
actin ring formation and the bone resorbing activity of
osteoclasts. Our findings support the proposition  that
cortactin conducts actin organization in osteoclasts and is
required for osteoclastic bone resorption.

Materials and methods
Cell and reagents

A monaocytic cell line, RAW 264.7, was purchased from the
RIKEN cell bank {Tsukuba. [baraki, Japan) and cultured in
minimum cssential medium cagle. alpha modification (o-
MIEM) containing 109 fetal call serum (FCS) (Valley Bio-
medical, Winchester. VAL USA). Soluble receptor activator
of NF-kappaB ligand (sSRANKL) and macrophage colony-
stimulating lactor (M-CSF) were purchased {from Pepro-
Tech EC (Rocky Hill. NICUSAY and Green Cross (Osaka,
Japan). respectably. Anti-c-Sre and anticortactin antibodics
were purchased from Oncogene Science (Cambridge, MA,
USA) and Upstate Biotechnology (T ake Placid, NY, USA).
respectively. 4.0 diamudino-2-phenylindole (DAPL) was
purchased from Molecular Prohes (FFugene, ORUSA) and
rhodamine-ibeled phalloidin from Fluka (St Louis. ML
USA). e-Sre and cortactin ¢DNA were kindly donated by
Drs. Harold E. Varmus and Thomas Parsons. To generate a
mutant cortactin lacking the actin binding domain, PCR
products  were  synthesized  and  then subcloned  into
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peDNAS (Invitrogen. Carlshad, CA, USA) and tagged with
a Flag epitope at the N-terminus. The sequence of the con-
siruct was confirmed by DNA scquence analysis.

Osteoclast difterentiation in vitro

Bone marrow cells or spleen cells were isolated from
CS7BL/6 mice (Nihon SO, Hamamatsu, Shizuoka, Japan)
and incubated with M-CSF (30ng/ml) and sRANKL
(100 ng/ml) for 6 days. After 6 days, the cells were analyzed
by tartrate-resistant acid phosphate (TRAT) staining, and
TRAP-positive multinucleated cells were counted as osteo-
clasts. RAW 264.7 cells were incubated in the presence of
sRANKL (20ng/mt) for 4 davs.

it formation assay

To examine the function of TRAP-positive cells derived
from spleen cells or bone marrow cells. we induced osteo-
clast formation on dentin slices. Afler 6 days of culture.
cells were removed {rom the dentin slices. The resorption
pits formed on dentine slices were stained with tolluidine
blue. The pit formation areas were quantified using an image
analysis system, Tmage-Pro Plus (Silver Spring, MD, USA).

Immunoprecipitation and immunoblotting analysis

The cells were washed three times with ice-cold phosphate-
buffered saline (P1S) and solubilized in lysis buffer [20mM
2-{4-(2-Hydroxyethyly-1-piperazinyljethancesullonic  acid
(Flepes) (pH 7.4), 130 mM NaCl tmM ethylencglycol bis (2-
aminocthylether)ietrancetic acid (EGTA). 1.3mM MgCl,,
10% elycerol, | % Triton X-100. 10pg/ml aprotinin, 10pg/ml
leupeptin, TmM phenyimethylsulfonyl fluoride (PMSF). and
0.2mM sodium orthovanadate|. The lysates were centri-
fuged for T3min at 4*C at 16000 and incubuted with anti-
bodies for 41 at 4°C, followed by immunoprecipitation with
protein A-sepharose (Zymed. CA, USA) or protein G-
agarose (Bocehringer Mannheim, Ingelheim, Germany).
Immunoprecipitates were washed five imes with lysis bulfer
and boiled in sodium dodecy? sulfate (SDS) sample bufler
containing 0.5M beta-mercaptoethanol; supernatants were
recovered as immunoprecipitate samples. The immunopre-
cipitales or proteins isolated from RAW 264.7 cells were
foaded lor sodium dodecyt sullate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and immunoblotting was per-
formed using specific antibodies. In all immunoblotting
analyses, we also confirmed that equal amounts of proteins
were loaded by staining the transferved membrane with
Ponceau S.

CGrenceration of adenovirus

The recombinant adenoviruses carrying c-Sre. wild-type, or
mutant cortactin were constructed by recombination be-
tween the expression cosmid cassette and the parental virus
genome in 293 cells as previously described [Y]. The viruses
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were confirmed to retain no proliferative activity in the cells
other than the 293 cclls. Titers of the viruses were deter-
'mined using the modified point assay [9].

Inumunocytochemistry

Cells were washed three times with ice~cold PBS. fixed with
3.8% paraformaldehyde-PBS, and permeabilized by incuba-
tion for 15min with 0.1% Triton-PBS. The cells were
blocked with 1% bovine serum albumin-phosphate butfered
saline (BSA-PBS), incubated with unti-c-Sre or anlicortactin
antibody for 2h, washed six times with 0.1% Triton-PBS.and
finally incubated with rhodaminc-conjugated antimouse
immunogloburin G (TIg(G) antibody. The cells were exien-
sively washed with PRS and visualized using a luorescence
micrascope (Cart Zeiss. Hallbergmoos, Germuny).

Resulis

To understand the role of cortactin in osteoclasts, we first
examined the eellular localization of cortactin. Immuno-
cytachemical analyses demonstrated that cortactin was well
localized in the actin rings of osteoclasts (Fig. TAL B, C). In
addition, cortactin showed u similar expression pattern to c-
Sre in osteoclasts (Fig, 1D, E, F). These data suggest that
cortactin plays a role in actin ring formation in cooperation
with ¢-Sre. To examine the relationship hetween ¢-Sre and
cortactin, we next performed coimmunoprecipitation ex-
periments using an osteoclastic precursor cell line RAW
264.7. Overexpression of cortactin induced tyrosine phos-
phorylation of cortactin and ity association with ¢-Sre in
RAW 264.7 cells (Fig. 2). Importantly. overexpression of
Csk, which suppresses e-Sre function |10}, markedly inhib-
ited the association ol cortactin with ¢-Sre and the tyrosine
phosphorylation of cortactin (Fig. 2). These data support
the notion that cortactin {functions as a downstrecam signal-
ing molecule of ¢-Sre.

To evaluate the functional role of cortactin in osteo-
clasts. we next examined the effect of cortactin on RAW
264.7 cells, which rarely form actin vings, even in the pres-
cnce of sSRANKI. [9] (Fig. 3). Overexpression of e-Src
clearly stimulated actin ring formation in RAW 264.7 cells
(Fig. 3). Furthermore, averexpression of cortactin clicited
formation of actin rings (Fig. 3). although cortactin-
overexpressing RAW 2647 cells exhibited littde bone
resorbing activity. These data indicate that cortactin is im-
plicated in regulation of actin ring formation.

To further analvze the distinctive tole of cortactin in
osteoclasts. we gencrated a mutant of cortactin that lacks
the actin binding domain (FFig. 4A). and overexpressed the
mutant in osteoclasts using an adenovirus system [11]. As
shown in Fig. 413, overexpression of the mutant cortactin
disrupted actin ring formation in osteoclasts. More impor-
tantly. osteoclastic bone resorption was strongly inhibited
by the mutant cortactin (Fig. 4C). Together, the results
indicate that cortactin plays a critical role in osteoclastic
bone resorption by regulating actin ring formation.
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Fig. 1.
uorescein isothiocyanate (FITC)-labeled phalloidin (B). and anti-c
respectively, 1000

coriactin

cortactin 4+ Osk

Cont

IP: a-Flag
Blot: u-pTyrosine

P a-c-8rc
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a~cortactin

Blot: a-cortactin

associntion with
fh- lysates of RAAW 2647 colls infected with contiol adenovirus,
cd cortactinwith or without Csk adenovinuses, were immu-
nopresipitided swith anii-Flag or c-Sre anfibody wad immunoblotied
with antiphosphotviosine o aniicortactin antibody respectively, The
expressn Gl cortaciin b the Tysiaies was examined with anticortactin
antibody tlower paonel 272 immunopreapitation

Fip. 2. [viosine-phosphorylation of cortactin and it
o \xL

Localization of cortactin in osteaclasts. Osteoclasts formed from mouse splecn cells were stained with anticortactin antibody (A and D),
s-Sre untibudy B Cand Fare merged photographs of A and B, and B and £,

Discussion

Several Hnes of evidence indicate that ¢-Sre s an essential
tyrosine kinase for osteoclastic bope resorption [2—4,12].
In this study, we showed that cortactin is oxpressed specifi-
cally in actin rings and s well colocaiived with ¢-Sre in
osteoclasts, We also continmed that cortactin functions as a
¢-Sre substrate basced on results of the binding of cortactin
with ¢-Sre and c-Sre-dependent wyrosine phosphorylation.
Furthermore. we indicated that overexpression uf cortactin
clicited formation of actin rings in RAW 264.7 cells that
were  differentinted  into TRAP-positive  osleoclasts by
sRANKL. Finally. we found that a mutant ol cortactin
diminished both actin ring formation and bone resorption.
Collectively. our data suggest the indispensable role of
cortactin in vsteoclast function.

Hurst et al. reported that the actin-related protein/3
(Arp2/3) complex is essential for actin ring formation in
osteoclasts [8]. Cortaciin has been shown to control actin
polymerization ( hm l ,sp?,’“[i I Considering that ¢-Sre
interacts with and umh sear@atin [o] it is mostlikely that
cortictin links c-5re dine to Ay
thereby reaubates actin polvimesization, To stupport this pro-
posed mechanism, we [oand that Cskowhich is an inhibitory
kinase for c¢-Sre. inhibited tyrosine phosphorylation of
corfactin, ity association with c-Sre and osteoclastic bone

3 nsteochssts, and
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resorption (data not shown).  Consistent  with  our
results with the osteoclasts, Destaing et al. showed that
cortactin is localized at podosomes of RAW 264.7-cell-
derived osteoclasts [14]. However. they also clearly demon-
strated that the turnover of cortactin is a few times slower
than actin turnover [14]. Thus. itis hkely that other compo-
nents of the actin core are implicated in actin turnover in
osteoclasts.

In conclusion, we have provided evidence that cortactin
is an important sipnaling molecule that regulates actin ring,
formation and bone resorption in osteoclasts. We believe
that our findings contribute to understanding the molecular
mechanism of bone destruction by osteoclasts.
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Abstract

In this study we examined the effect of ribbon-type (circular-
type) NF-kB decoy oligodeoxynucleotides (RNODN) on
osteoclast induction and activity. We extracted bone marrow
cells from the femurs of rats and incubated non-adherent cells
with receptor activator of nuclear factor kB ligand (RANKL) and
macrophage colony-stimulating factor (M-CSF). First, transfer
efficiency into osteoclasts and their precursors, resistance to
exonuclease, and binding activity of decoy to NF-xB were
examined. Next, to examine the effect of RNODN on osteoclast
induction and activity, osteoclast differentiation and pit
formation assays were performed. RNODN were injected into
the ankle joints of rats with collagen-induced arthritis. Joint
destruction and osteoclast activity were examined by

histological study. The resistance of RNODN tc exonuclease
and their binding activity on NF-xB were both greater than those
of phosphorothionated NF-xB decoy oligodeoxynucleotides.
The absolute number of multinucleate cells scoring positive for
tartrate-resistant acid phosphatase was significantly decreased
in the RNODN-treated group. The average calcified matrix
resorbed area was significantly decreased in the RNODN-
treated group. Histological study showed marked suppression
of joint destruction and osteoclast activity by intra-articular
injection of RNODN. These results suggest the inhibitory effect
of RNODN on the induction and activity of osteoclasts. Direct
intra-articular injection of RNODN into the joints may be an
effective strategy for the treatment of arthritis.

Introduction

Osteoclasts are multinucleate giant cells formed by the fusion
of hematopoictic cells of the monocyte/macrophage lincage.
They are the major resorptive cells of bone [1,2]. In the differ-
entiation pathway of osteoclast progenitors into functionally
active osteoclasts, macrophage colony-stimulating factor (M-
CSF) is important in proliferation; both M-CSF and receptor
activator of NF-xB ligand (RANKL) are essentially involved in
differentiation, survival, and fusion; and RANKL enhances
osteoclast function [3,4]. The expression of RANKL can be
observed in synovial fibroblasts from patients with rheumnatoid
arthritis (RA) [5]. A crucial target of signaling by RANKL is the
activation of NF-xB [6-9]. NF-xB is associated with the activa-

tion of osteoclasts and is important in the differentiation of
osteoclast precursors [10]. Several studies indicate that
selective inhibition of NF-xB in osteoclast precursors prevents
osteoclast differentiation and function in witro and in vivo
[11,12]. Mice deficient in both the p50 and p65 subunits of
NF-xB develop osteopetrosis because of a defect in osteo-
clast differentiation [13,14]. Recently the importance of the
IxB kinase (IKK) B subunit as a transducer of signals from
RANK to NF-xB for inflammation-induced bone loss and oste-
oclastogenesis in vivo was reported [15].

RA is a chronic inflammatory disease of unknown etiology,
characterized by articular inflammation associated with

FCS = fetal calf serum; FITC = fluorescein isothiocyanate; IL = interleukin; M-CSF = macrophage colony-stimulating factor; NF-xB = nuclear factor-
vB; ODN = oligodeoxynucleotide; PBS = phosphate-buffered saline; PNODN = phosphorothionate double-stranded NF-xB decoy ODN; PSODN =
phosphorothionate double-stranded scrambled decoy ODN; RA = rheumatoid arthritis; RANKL = receptor activator of NF-xB ligand; RNODN = rib-
bon-type NF-«B decoy ODN; RSODN == nbbon-type scrambled decoy ODN; TNF = tumor necrosis factor; TRAP = tartrale-resistant acid

phosphatase.
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abnormal immune responses and pronounced synovial hyper-
plasia. Synovial macrophages are capable of differentiating
into osteoclasts; the osteoclasts generated within the synovial
membrane are probably involved in bone destruction in vivo
[16]. Multinucleate cells scoring positive for tartrate-resistant
acid phosphatase (TRAP) were also induced from CD14-pos-
itive cells in the synovial fluid from patients with RA [17].
TRAP-positive multinucleate cells are present in the bone ero-
sion area of patients with RA [18] and also in the bone erosion
area of a mouse arthritis model [19,20]. Although the precise
mechanism of joint destruction has not been elucidated, oste-
oclasts seem to have a pivotal role in the joints of patients with
RA.

Specific DNA sequences have been used successfully as
decoys for binding specific transcription factors, rendering the
transcription factors incapable of subsequent binding to the
promoter region of target genes [21,22]. This approach has
been shown o be effective in modulating gene expression in
vitro and in vivo. The applications of the decoy oligodeoxynu-
cleotides (ODN) strategy against NF-xB have been reported
in several studies [23-26]. However, one of the major limita-
tions of the decoy ODN approach is the rapid degradation of
phosphodiester ODN by intracellular nucleases. Previously,
circular dumbbell double-stranded decoy ODN (we call these
ribbon-type decoy ODN) were developed to resolve these
issues [27,28]. According to the previous reports, ribbon-type
decoy ODN tend to bind more specifically to the transcription
factors and have stronger resistance to exonuclease {29,30].
In this study, we tried to use ribbon-type NF-xB decoy ODN
for inhibiting the expression of NF-kB, leading to the inhibition
of osteoclast induction and activity.

Materials and methods

Materials

Ribbon-type decoy ODN and phosphorothionated double-
stranded decoy ODN were purchased from Gene Design
(Osaka, Japan). Mouse RANKL and mouse M-CSF were pur-
chased from Wako (Tokyo, Japan). Lewis rats were purchased
from Clea Japan (Osaka, Japan). Bovine type Il collagen was
purchased from Cosmo Bio (Tokyo, Japan) and Freund's
incomplete adjuvant from Sigma (Munich, Germany).

Construction of ribbon-type decoy ODN and
phosphorothionated double-siranded decoy ODN

The sequences of ribbon-type decoy ODN and phospho-
rothionated double-stranded decoy ODN are as follows (con-
sensus sequences are shown in bold): ribbon-type NF-xB
decoy ODN (RNODN), 5-TCAAGGAAAACCTTGAAG-
GGATTTCCCTCCAAAAGGAGGGAAATCCCT-8' ; ribbon-
type  scrambled  decoy ODN (RSODN),  B™-
TAGCCAAAAGGCTAAGTCAGGTACGGCAAAAAATT-
GCCGTACCTGACT-3' ; phosphorothionated double-
stranded NF-xB decoy ODN (PNODN), 5-CCTTGAAG-
GGATTTCCCTCC-3'  and 3-GGAACTTCCCTAAAG-
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GGAGG-5' ; and phosphorothionate double-stranded
scrambled decoy ODN (PSODN) 5-TTGCCGTACCTGACT-
TAGCC-3' and 3-AACGGCATGGACTGAATCGG-5' (Fig-
ure 1). Decoy ODN containing the NF-«xB consensus
sequence has been shown to bind the NF-xB transcription
factor [24]. PNODN and PSODN were annealed for 2 hours
with a steady temperature decrease from 70°C to 25°C. One
unit of T4 DNA ligase was added to the mixture, followed by
incubation for 24 hours at 22°C to generate a covalently
ligated RNODN.

Resistance to exonuclease

To check resistance for exonuclease, electrophoresis of
RNODN and PNODN was performed. In brief, 3 nug of
RNODN or PNODN was incubated with exonuclease lll at
37°C for 2 hours and then at 65°C for 5 minutes. The solution
containing ODN was resolved by electrophoresis on a 19%
acrylamide gel.

Estimation of binding activity

The binding activity of RNODN was examined by using Mer-
cury Transfactor Kits for NF-kB p65 (BD Bioscience, Clon-
tech, Palo Alto, CA, USA) as oligonucleotide competition
assays. Kits contain a 96-well format in which wells are coated
with an oligonucleotide containing the NF-kB p65 consensus
binding sequence. The quantity of nuclear extract binding to
the oligonucleotide of the wells is correlated with an increase
in signal. An increase in the amount of competitor oligonucle-
otide corresponds to a decrease in signal because transcrip-
tion factor binding decreases as the competitor keeps it away
from the oligonucleotide-coated surface of the irans-Factor
well. We estimated the binding activity of oligonucleotides by
incubating the same amounts of nuclear protein and various
oligonucleotides. An aliquot (30 ng) of TNF-a-stimulated Hela
nuclear extract (Active Motif, Carlsbad, CA, USA) was incu-
bated with decoy ODN (15, 30, and 45 nM) in trans-Factor
wells for 60 minutes at room temperature. Wells were incu-
bated with primary and secondary antibodies, and the absorb-
ance of the plate was measured with a microplate reader
(Model 680; Bio-Rad, Hercules, CA, USA).

Osteoclast differentiation assay

Bone marrow cells were obtained by flushing femurs of 6-
week-old female Lewis rats and were seeded at 2 x 107 cells
per 10 cm Petri dish, then cultured in o-minimal essential
medium containing 10% FCS and 1% penicillin/streptomycin.
One day after the treatment, non-adherent cells were seeded
again and cultured in o-minimal essential medium containing
10% FCS, 1% penicillin/streptomycin, and 20 ng/m!l M-CSF
in Lab-Tek eight-well chamber slides (Nalge Nunc, New York,
NY, USA) at a density of 2 x 105 cells per well. Two days after
the incubation, cells were cultured with 100 ng/ml RANKL and
20 ng/ml M-CSF for 7 days. On days 1, 3, and 5 various decoy
ODNs were fransiently transferred. Then the cells were
washed and stained with a commercial TRAP staining kit (Cell
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Figure 1 Figure 2
PNODN (a)
STTGCCGTACCTGACTTAGCC-3"
PSODN T-AACGGCATGGACTGAATCGG-S
A A
RNODN A CC’J"l‘GAA(jQ(_iA',Y_f,[f,lf,(_;C({'I‘CC. A
A GOAACTTCCCTAAAGGGAGG A
A A
RSODXN A A Exoll - + . &

TTGCCGTACCTGACTTAGCC A
AACGGCATGOACTGAATCGG A
A A

> >

Structures and sequences of the decoy oligodeoxynucleotides used in
this study. PNODN and RNODN (phosphorothionated decoy ofigode-
oxynucleotides) contamn the NF-wB-binding site in its double-stranded

lesion {consensus sequences are underlined).

Garage, Tokyo, Japan). The number of TRAP-positive multinu-
clear (three or more nuclei) cells was counted.

Pit formation assay

To examine the effect of RNODN on resorbing activity, cells
were cultured on BD BioCoat osteologic calcium hydroxyapa-
tite-coated slides (BD Biosciences, Bedford, MA, USA) in a
5% CO, incubator. The non-adherent bone marrow cells were
seeded at a density of 10% cells per well. After incubation for 2
days with 20 ng/ml M-CSF, cells were cultured with 100 ng/
ml RANKL and 20 ng/ml M-CSF. On days 3, 5, and 7 various
decoy ODNs were transiently transferred, and on day 8 cells
were washed vigorously and the calcified matrix resorption
area on each disc was measured with a Mac SCOPE image
analyzer, version 2.51 (Mitani, Fukui, Japan).

Immunofluorescence staining

Cells were fixed in 4% paraformaldehyde for 20 minutes at
37°C and treated with 0.5% Triton X-100 for 5 minutes. Cells
were then blocked for 30 minutes with 2% goat serum/PBS
and incubated in 4 ug/ml rabbit polyclonal antibody against
NFATc1 (sc-13083; Santa Cruz biotechnology, Santa Cruz,
CA, USA) at 4°C for 16 hours and 400 ng/ml Alexa 488 goat
anti-rabbit IgG (A-12378; Invitrogen Molecular Probes,
Carlsbad, CA, USA) at room temperature for 60 minutes. The
density of fluorescence was estimated by calculating the area
of fluorescent cells by NIH image software.

induction of arthritis by collagen in rats

This experimental study was performed in accordance with the
recommendations in the Guide for the Care and Use of Labo-
ratory Animals of National Institutes of Health (NIH). The pro-
tocol was approved by the committee on the Ethics of Animal
Experiments in Osaka University. Arthritis was induced by col-

PNGODN RNODN

suM
73 0nM

R 15

OD 620nm

PNODN

RSODN

NE  PSODN RRNODN

The stability and binding activity of RNODN and PNODN. (a) Stability
of phosphorothionate double-stranded NF-kB decoy oligodeoxynucle-
otide (PNODN) and ribbon-type NF-xB decoy oligodeoxynucleotide
(RNODN) in the presence of exonuclease Hl. (b) Effects of various
decoys on binding activity towards NF-kB. The binding activity of decoy
oligodeoxynucleotides {ODNs) reflected their ability to decrease
absorbance. NE, nuclear extract without treatment of decoy ODN. {n =
5 per group; "p < 0.05, **p <0.01, ¥p < 0.05, #p < 0,01, #¥p <
0.001 compared with nuclear exiract without treatment of decoy ODN.)

lagen with the use of the modified method described by
Trentham and colleagues [31]. In brief, 6-week-old female
Lewis rats were immunized intradermally with 0.5 mg of bovine
type lf collagen, which was dissolved in 0.5 ml of 0.1 M acetic
acid at 4°C and emulsified in 0.5 ml of cold Freund's incom-
plete adjuvant. On day 7, the rats received an intradermal
booster injection of half the volume of the first immunization.
Onset of arthritis in the ankle joints could be usually recog-
nized visually between days 10 and 14. All rats in which the
onset of arthritis could not be recognized visually by day 14
were excluded from this study.

in vivo transfer of fluorescein isothiocyanate (FITC)-
labeled RNODN

To examine the localization of RNODN delivery, 50 ng of FITC-
labeled RNODN were injected intra-articularly. One day after
transfer, synovial tissues were extracted and fixed. Cryostat
sections of synovial cells were observed by ultraviolet micros-
copy {T6300; Nikon, Tokyo, Japan). The sections were also
stained with 4',6-diamidino-2-phenylindole.
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Figure 1 Figure 2
PNODN @
y SYTTGCCGTACCTGACTTAGCC-3
PSODN 3 -AACGGCATGUGACTGAATCGG-5
A A
RNODN A CCTTGAAGGUATITCCCTCC A
A GGAACTTCCCT. LGGAGG A
A A
RSODN A A Exoll - + . ¢
A TTGCCGTACCTGACTTAGCC A (b) PNODNRNODN
A

AACGUCATGGACTGAATCUG A
A A

Structures and sequences of the decoy oligodeoxynucleotides used in
this study. PNODN and RNODN {phosphorothionated decoy oligode-
oxynucleotides) contain the NF-kB-binding sile in its double-stranded

lesion (consensus sequences are underlined).

Garage, Tokyo, Japan). The number of TRAP-positive multinu-
clear (three or more nuclei) cells was counted.

Pit formation assay

To examine the effect of RNODN on resorbing activity, cells
were cultured on BD BioCoat osteologic calcium hydroxyapa-
tite-coated slides {BD Biosciences, Bedford, MA, USA) in a
5% CO, incubator. The non-adherent bone marrow cells were
seeded at a density of 10% cells per well. After incubation for 2
days with 20 ng/ml M-CSF, cells were cultured with 100 ng/
mi RANKL and 20 ng/ml M-CSF. On days 8, b, and 7 various
decoy ODNs were transiently transferred, and on day 8 cells
were washed vigorously and the caicified matrix resorption
area on each disc was measured with a Mac SCOPE image
analyzer, version 2.51 (Mitani, Fukui, Japan).

immunofluorescence staining

Cells were fixed in 4% paraformaldehyde for 20 minutes at
37°C and treated with 0.5% Triton X-100 for & minutes. Cells
were then blocked for 30 minutes with 2% goat serum/PBS
and incubated in 4 pg/ml rabbit polyclonal antibody against
NFATc1 (sc-13038; Santa Cruz biotechnology, Santa Cruz,
CA, USA) at 4°C for 16 hours and 400 ng/ml Alexa 488 goat
anti-rabbit 1gG (A-12373; Invitrogen Molecular Probes,
Carisbad, CA, USA) at room temperature for 60 minutes. The
density of fluorescence was estimated by calculating the area
of fluorescent cells by NIH image software.

Induction of arthritis by collagen in rats

This experimental study was performed in accordance with the
recommendations in the Guide for the Care and Use of Labo-
ratory Animals of National Institutes of Health (NIH). The pro-
tocol was approved by the committee on the Ethics of Animal
Experiments in Osaka University. Arthritis was induced by col-

DI S

OD 620nm

L3 G

NE  PSODN  PNODN  RSODN  RNODN

The stability and binding activity of RNODN and PNODN. (a) Stability
of phosphorothionate double-stranded NF-xB decoy oligodeoxynucle-
otide (PNODN) and ribbon-type NF-«B decoy oligodeoxynucleotide
(RNODN) in the presence of exonuclease lil. (b) Effects of various
decoys on binding activity towards NF-«B. The binding activity of decoy
oligodeoxynucleotides (ODNs) reflected their ability to decrease
absorbance. NE, nuclear extract without treatment of decoy ODN. (n=
5 per group; *p < 0.05, "p <0.01, #p < 0.05, #4p < 0.01, ##ip <
0.001 compared with nuclear extract without treatment of decoy ODN.)

lagen with the use of the modified method described by
Trentham and colleagues [31]. In brief, 6-week-old female
Lewis rats were immunized intradermally with 0.5 mg of bovine
type Il collagen, which was dissolved in 0.5 ml of 0.1 M acetic
acid at 4°C and emulsified in 0.5 ml of cold Freund's incom-
plete adjuvant. On day 7, the rats received an intradermal
booster injection of half the volume of the first immunization.
Onset of arthritis in the ankle joints could be usually recog-
nized visually between days 10 and 14. All rats in which the
onset of arthritis could not be recognized visually by day 14
were excluded from this study.

In vivo transfer of fluorescein isothiocyanate (FITC)-
labeled RNODHN

To examine the localization of RNODN delivery, 50 g of FITC-
labeled RNODN were injected intra-articularly. One day after
transfer, synovial tissues were extracted and fixed. Crycstat
sections of synovial cells were observed by ultraviolet micros-
copy (T6300; Nikon, Tokyo, Japan), The sections were also
stained with 4',6-diamidino-2-phenylindole.
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Figure 4
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Plecoy () RSODN RNODN
Expression of NFATc1 protemn in osteoclast precursor cells. (a-d)
Immunohistochemistry of NFATc1 protein with specific antibody in
osteoclast precursor cells. Bone marrow macrophages were incubated
with M-CSF/RANKL for 48 hours after incubation with ribbon-type
scrambled decoy oligodeoxynucleotide (RSODN]) (c) or ribbon-type
NF-xB decoy oligodeoxynucleotide (RNODN) (d), or were untreated
alone (b). (a) Without reaction with primary antibody. The expression of
NFATc1 by immunoflucrescence is shown in each upper panel. Nuclei
stained with 4',6-diamidino-2-phenylindole are shown i each lower
panel. Original magmificatior x 100, (e) Measurement of fluorescent
area of osteoclast procursor cells. The areas of fluorescent cells in
RSODN-treated a1id RNODN-treated groups are shown as percent-
ages over that of the untieated group. (n = & per group; *p < 0.001
compared with the RSODN-treated group.)

Resulis

Stability of RNODN

In this study we used RNODNSs to improve stability to exonu-
clease. Initially, the structural stability of decoy ODN was

Available online http://arthritis-research.com/content/8/4/R103

examined by the ability to resist degradation in the presence of
exonuclease lll. The primary cause of degradation of standard
DNA oligomers in biological applications is a 8'-exonuclease
activity found in cells [33,34]. RNODN showed high resist-
ance to exonuclease lll and was observed as a major band in
gel electrophoresis. In comparison with RNODN, PNODN
was degraded after incubation in the presence of exonuclease
I {Figure 2a).

Binding activity of RNODNs on NF-xB

To examine the binding activity of RNODN on the NF-«xB pro-
tein, an in vitro competition assay was performed with Mercury
Transfactor Kits for NF-kB p65 (Figure 2b). An increase in the
concentration of unbound NF-xB protein was accompanied by
a corresponding increase in absorbance. The binding activity
of decoy ODNs reflected their ability to decrease the absorb-
ance level. The result of calculating the absorbance of each
group is shown as a percentage over that of the untreated
group. When PNODN or RNODN was used as a competitor
oligonucleotide at 30 or 45 nM, a significant decrease in
absorbance was confirmed against the absorbance of nuclear
extract without competitor oligonucleotides. A stronger
competitive effect was observed when RNODN was used
than with PNODN. At a concentration of 15 nM, the competi-
tive effect was observed only in the RNODN-treated group.
When RSODN or PSODN was used as a competitor oligonu-
cleotide, the decrease in absorbance was minimal compared
with that of nuclear extract without competitor oligonucle-
otides. The result shows that RNODN has specific and strong
binding activity on the NF-xB protein.

RNODHN inhibits RANKL-induced osteoclastogenesis

To examine the effects of RNODN on osteoclastogenesis in
vitro, bone marrow macrophages were incubated with decoy
in the presence of RANKL and M-CSF (Figure 3a-c). The
number of TRAP-positive multinuclear cells in the untreated
group and in the RSODN-treated and RNODN-treated groups
were 124.2 + 34,6, 126.2 + 45.5, and 5.2 & 1.9, respectively
{mean * SD; Figure 3d). Osteoclastogenesis induced by
RANKL was inhibited by incubation with RNODN (p < 0.001
compared with the RSODN-treated group). The inhibitory
effect was not observed when cells were incubated with
RSODN (Figure 3).

RNODN inhibits RANKL-induced pit formation

To examine the inhibitory effects of RNODN on the activation
of osteoclasts, a pit formation assay was performed (Figure
3e—g). The calcified matrix resorption area in the untreated
group and in the RSODN-treated and RNODN-treated groups
were 1.034+0.12,1.01 £0.12,and 0.36 + 0.21 mm?, respec-
tively (mean + SD; Figure 3h). Results showed that calcified
matrix resorption by RANKL-induced osteoclast-like cells was
significantly inhibited by incubation with RNODN (p < 0.01
compared with the RSODN-treated group). The inhibitory
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Figure 5

Representative findings of fluorescence microscopy of synovium transferred with FITC-labeled RNODN. (a) Synovium transferred with ribbon-type
NF-kB decoy oligodeoxynucleotide (RNODN) not iabeled with fluorescein isothiocyanate (FITC). (b) The sections were counterstained with 4',6-dia-
midino-2-phenylindole. (¢} Synovium transferred with FITC-labeled RNODN. Original magnification x 200. (d) The sections were counterstained

with 4' 6-diamidino-2-phenylindole.

effect was not observed when cells were incubated with
RSODN.

Downregulation of NFATct by RNODN

To clarify the mechanism underlying the inhibitory effect of
RNODN on osteoclastogenesis, we examined the expression
of the NFATc1 protein in bone marrow cells incubated with
RANKL. NFATc1 is a master switch for regulating the terminal
differentiation of osteaclasts, functioning downstream of
RANKL [38]. As shown in Figure 4, the expression of NFATc1
in RANKL-stimulated bone mairow cells increased in accord-
ance with the fusion of cells (Figure 4b). The results of calou-
lating the area of fluorescent cells in RSODN-treated and
RNODN-treated groups are shown as percentages over that
of the untreated group. The data for each group (mean * SD)
are 90.0 + 38.6% and 3.5 * 3.2%, respectively (Figure 4e).
The expression of NFATc1 was inhibited by incubation with
RNODN (p < 0.001 compared with the RSODN-treated
group; Figure 4d).

In vivo transfer of FITC-labeled RNODN into joint
synovium

We performed in vivo transfer of FITC-labeled RNODN into rat
arikle joints. Fluorescence was localized in synovial cells,
especially the surface area (Figure Bc). Synovium transferred
with decoy ODN not labeled with FITC showed no spegcific flu-
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orescence {Figure 5a). The nucleus was stained with 4',6-dia-
midino-2-phenylindole (Figure 5b,d).

Inhibitory effects of intra-ariicular injection of RNODN
on joint destruction and osteoclast activity in rats with
CIA

To evaluate the effect of RNODN on joint destruction and
osteoclast activation, we performed a histological analysis of
the ankle joints treated with RNODN, RSODN, or PBS. Histo-
logically, ankle joints of rats with CIA treated with PBS (Figure
6b) or RSODN (Figure 6¢) showed pannus invasion and mas-
sive cellular infiltration of the synovium, with disruption of car-
tilage and subchondral bone. Conversely, ankle joints of rats
with ClA treated with RNODN (Figure 6d) showed marked
improvement in arthritis. The arthritis scores (mean £ SD) of
PBS-treated joints, RSODN-treated joints, and RNODN-
treated joints were 3.0 £ 0.7, 3.2 1 0.8, and 1.8+ 0.8, respec-
tively (Table 1). The number of osteoclasts around the ankle
joints was significantly smaller in RNODN-treated rats than in
RSODN-treated or PBS-treated rats (Figure 6f,g). The num-
bers of osteoclasts in PBS-treated joints, RSODN-treated
joints, and RNODN-treated joints were 142.8 £ 16,1, 153.8 &
28.2, and 31.0 + 27.3, respectively (Table 1). Figure 6a and
Figure 6e show HE staining and TRAP staining of ankle joints
in naive rats.
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Histological analysis in the ankle joints of rats with collagen-induced
arthritis (CIA) at day 35. Samples were stained with hematoxylin and
eosin in {a-d) and with tartrate-resistant acid phosphatase [TRAP} in
(e-h). (a) Naive rats had normal joints. (b) Ankle joints of rats with CIA
treated with PBS showed pannus invasion and massive cellular infiltra-
tion of the synovium, with disruption of cartilage and subchondral bone.
{c) Ankle joints of rats with CIA treated with ribbon-type scrambled
decoy oligodeoxynucleotide (RSODN) also showed pannus invasion
and massive cellular infiltration of the synovium, with disruption of carli-
lage and subchondral bone. (d) Ankle joints of rats with CIA treated
with ribbon-type NF-xB decoy oligodeoxynucleotide (RNODN) also
had nearly intact articular joints. (e) Ankle joints of naive rats had few
TRAP-positive muliinuclear cells. (f) Ankle joints of rats with CIA treated
with PBS showed active resorption of cartilage and subchondral bone
by pannus and synovium including TRAP-positive mullinuclear cells. (g)
Ankle joints of rats with CIA treated with RSODN also showed active
resorption of cartilage and subchondral bone by pannus and synovium
including TRAP-positive multinuclear cells. (h) TRAP-positive multinu-
clear cell formation was suppressed in ankle joints of rats with CIA
treated with RNODN. Original magnifications x 100.

Discussion

The Rel/NF-xB family of transcription factors is induced in
response to several signals. In unstimulated cells, NF-kB is
associated in the cytoplasm with the inhibitory protein IkB. In
response 1o an external signal, kB is phosphorylated and
degraded, releasing NF-xB to enter the nucleus and activate

Available online http://arthritis-research.com/content/8/4/R103

transcription [36,37]. The wide variety of genes regulated by
NF-kB includes cytokines, chemokines, adhesion molecules,
acute-phase proteins; and inducible effector enzymes. The
important role of NF-xB in the differentiation and activation of
osteoclasts has been mentioned previously {38]. Selective
inhibition of NF-kB by several drugs blocks osteoclastogene-
sis [11,12]. In the present study we have shown that selective
inhibition of NF-xB with a ribbon-type NF-xB decoy could sup-
press the differentiation and activation of RANKL-induced
osteoclastogenesis. Transfection of decoy ODN correspond-
ing to the cis sequences result in the attenuation of authentic
cis-trans interaction, leading to the removal of trans-factors
from the endogenous cis-element, with subsequent modula-
tion of gene expression [39]. The principle of the transcription
factor decoy approach is based on the reduction of promoter
activity as a result of the inhibition of binding of a transcription
factor 1o a specific sequence in the promoter region. This
approach is relatively simple and can be targeted to specific
tissues; decoy ODN can be more effective than antisense
ODN in blocking constitutively expressed factors as well as
multiple transcription factors that bind to the same cis element
[39]. However, one of the major limitations of the decoy ODN
approach is the rapid degradation of phosphodiester ODN by
intracellular nucleases [40-42]. The lack of sequence specifi-
city of phosphodiester ODN has been reported previously
[29,43,44]. To overcome these issues, the circular dumbbell
double-stranded decoy ODN was developed [42,45,486]. Cir-
cular dumbbell decoy ODN for AP-1 or E2F have been dem-
onstrated to be more effective than conventional decoy ODN
in previous studies [40,41]. In this study, RNODN showed
higher resistance to exonuclease and stronger binding activity
on NF-xB than PNODN, and we examined the effect of
RNODN for the inhibition of osteoclast differentiation and acti-
vation. A previous report [47] showed the effect of decoy tar-
geting NF-«B on apoptosis of human osteoclasts. In contrast
to their results we were unable to show the specific effect of
RNODN for apoptosis of rat osteoclasts. It is not yet clear
whether NF-xB is responsible for the survival of osteoclasts
[48].

In this study, we were able to transfer decoy ODN to adherent
macrophage/monocyte-like cells and osteoclast-like cells
without reagent. The possibility and effectiveness of ODN
transfer into these cells have been reporied previously [49].
The cellular uptake of ODN is reportedly achieved by a recep-
tor-mediated endocytosis mechanism [50,51]. However, the
exact mechanism of cellular uptake of naked DNA or ODN is
still poorly defined [52]. The efficiency of internalizing naked
DNA varies between cell types [52]. In our study, the effective-
ness of ODN transfer was promoted in serum-free conditions,
The size of the ribbon-type decoy is about 20 base pairs,
which is small compared with the plasmid, so it may be easier
for ODN to be transferred into osteoclasts or their precursors.
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Table 1

Mean histological scores and osteoclast numbers of rats with
collagen-induced arthritis

Group Number of joints Histological Osteoclast
score number
PBS injection 5 3.0+ 07 14281 15.1
RSODN injection 5 3.2+ 08 153.8 £ 28.2
RNODN injection 5 1.8£0.82 31.0+%37.30

2p < 0.01 compared with PBS injection group; bp < 0.01 compared
with PBS-injection group (n = 5 rats and n = 5 joints for each group).
RNODN, ribbon-type NF-xB decoy oligodeoxynucleotide; RSODN,
ribbon-type scrambled decoy oligodeoxynucleotide. Results are
means + SD,

In the pit formation assay of this study, we transferred the
decoy on day 3. We were able to confirm TRAP-positive multi-
nuclear cells on day 3 but the cells were not so large and it
might be difficult to state that these cells were mature osteo-
clasts. It would have been better if we could have incubated
mature osteoclasts on a hydraxyapatite-coated disc, but oste-
oclasts are easily damaged and it is technically difficult to sub-
culture rat mature osteoclasts.

In the previous study, the gene encoding NFATc1, a member
of the NFAT family of transcription factor genes, was found to
be the most strongly induced transcription factor gene after
stimulation by RANKL in osteoclast differentiation. NFATc1
autoamplifies its own gene, possibly by binding to its own pro-
moter [35]. The AP-1 and NF-xB binding sites are present with
the promoter region of the NFATc1 gene [53]. Recently,
Takatsuna and colleagues showed that (-}-DHMEQ, a newly
designed NF-kB inhibitor, inhibited RANKL-induced osteo-
clast differentiation in mouse bone marrow macrophages
through the downregulation of NFATc1 [54]. In the present
study the expression of NFATc1 was inhibited by treatment
with RNODN,

The skeletal complications of RA consist of focal bone ero-
sions and periarticular osteoporosis at sites of active inflam-
mation, and generalized bone loss with reduced bone mass. In
rheumatoid synovium, activated T cells and fibroblasts express
RANKL. TNF-u and IL-13 are also overproduced in synovium.
TNF-o. and IL-1 B, acting in concert with RANKL, can power-
fully promote osteoclast recruitment, activation, and osteolysis
in RA [55]. In the synovium of patients with RA, NF-kB was
present in most macrophages within the lining and sublining
lesions throughout the synovium, including endothelial cells
[66,567]. CIA is an autoimmune model that in many ways
resembles RA. Immunization of genetically susceptible
rodents with type Il collagen leads o the development of
severe polyarticular arthritis mediated by an autoimmune
response. Just as in RA, synovitis and erosions of cartilage and
bone are hallmarks of CIA [68]. In the present study, direct
injection of RNODN in arthritic joints of rats with ClA led to an
amelioration of arthritis and decreased the number of TRAP-
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positive cells in the synovium. The strategy of naked RNODN
transfer into the joint implies a potential for future clinical
treatment.

Conclusion

RNODN showed higher resistance to exonuclease and higher
binding activity on NF-kB than did PNODN. Differentiation and
calcium resorption were suppressed by treatment with
RNODN, by preventing NFATc1 expression. Joint destruction
and osteoclast activity were significantly suppressed by intra-
articular injection of RNODN.

These data suggest that RNODNSs inhibit the induction and
activity of osteoclasts and that the direct injection of RNODNs
into the joints might be an effective strategy for the treatment
of arthritis.
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Abstract

Keywords:

BACKGROUND CONTEXT: Recent reports have described the long-term efficacy and safety of
infliximab as a treatment for ankylosing spondylitis (AS). The most important adverse effects of
infliximab are infections, malignancies, autoimmunities, and hypersensitivity reactions. There has
never been a reported case of paraparesis after infliximab therapy for AS.

PURPOSE: To describe a case with paraparesis caused by rapid exacerbation of preexisting spinal
pseudoarthrosis after infliximab therapy for advanced AS.

STUDY DESIGN/SETTING: Case report/Osaka University Graduate School of Medicine, Suita,
Japan.

PATIENT SAMPLE: A 55-year-old man with a 27-year history of AS.

OUTCOME MEASURES: Case report.

METHODS: A 55-year-old man with a 27-year history of AS was treated with infliximab, which
provided considerable pain relief and improvement of activities of daily living. However, as the
patient resumed vigorous daily activity, he felt back pain and subsequently developed paraparesis.
Radiographs showed rapid exacerbation of preexisting spinal pseudoarthrosis at the T11-T12 level
after infliximab therapy.

RESULTS: After laminectomy and posterolateral fusion, the back pain and paraparesis improved
sufficiently to allow independent walking, but moderate bladder dysfunction persisted.
CONCLUSIONS: Although this patient could have certainly become myelopathic over time
without undergoing infliximab therapy, the patient’s history and radiographic course suggest that
suppression of inflammation by infliximab improved his activities of daily living, which
paradoxically exacerbated preexisting spinal pseudoarthrosis and quickened the onset of subsequent
myelopathy. © 2006 Elsevier Inc. All rights reserved.

Ankylosing spondylitis/complications; Monoclonal antibodies/therapeutic use; Antirheumatic agents/therapeutic
use; Paraparesis/etiology

Introduction

Infliximab (Remicade; Centocor, Inc., Malvern, PA) is
a chimeric IgG, monoclonal antibody that binds to tumor ne-
crosis factor alpha (TNFa) and inhibits its biological effect.
The therapeutic effect of infliximab has been established for
rheumatoid arthritis, psoriasis, and Crohn’s disease [1].
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Recently, infliximab has also been approved for treatment
of ankylosing spondylitis (AS) in Europe, after confirmation
of the long-term efficacy and safety of infliximab for treat-
ment of AS [1-3]. Infections, autoimmunities, and hypersen-
sitivity reactions are well-known major adverse effects of
infliximab [1-3]. However, paraparesis has never been ob-
served as an adverse effect of infliximab therapy for AS. This
report describes a rare case of paraparesis following treat-
ment with infliximab for advanced AS.

Case report

A 55-year-old man with a 27-year history of AS was re-
ferred to our orthopedic clinic with progressive gait
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disturbance and urinary retention. Three months before re-
ferral, he began receiving intravenous infliximab at a dosc
of 5 mg/kg every 2 weeks (induction phase) to treat refrac-
tory AS. Infliximab provided considerable pain relief and
suppression of disease activity. However, as the patient re-
sumed vigorous daily activities, he began to [eel backache
radiating to his left flank and crepitation in his back at
movement without any preceding trauma. Over a 3-week
period, his gait gradually deteriorated, and he developed
urinary retention and paresthesia in the sacral area (Fig. 1).

At clinical examination, the patient reported percussion
tenderness in the thoracolumbar transitional area. He could
hardly walk without the support of handrails or a cane. Neu-
rological examination revealed hyperreflexia and moderate
motor weakness in his fower extremities. The patient had
hypesthesia in the lower extremities and anesthesia in the
sacral area. Anteroposterior and lateral radiographs showed
severe spinal pscudoarthrosis at the T1H-TI2 level, with
vacuum phenomenon in the intervertebral disc space and
sclerotic change of the vertebral bodies adjacent to the dis-
eased disc, and all other segments were ankylosed (IFig. 2a,
b). Hypermobility between T and T{2 was observed on
the lateral radiographs in flexion and extension position
(Fig. 2c. d). Retrospective examination of radiographs re-
vealed that initial signs of spinal pscudoarthrosis were pres-
ent 2 months before the beginning of infliximab therapy
(Fig. 2e, ). Magnetic resonance tmaging showed decreased
signal intensity in the disc space and the adjacent margins of
T11and T12 on both T1- and T2-weighted images. The spi-
nal cord sustained compression by protrusion of the disc an-
teriorly and by hypertrophy of yellow ligaments posteriorly
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(Fig. 3a, b). Computed tomography showed a fracture of the
left pars interarticularis at T12 and calcification of the hy-
pertrophied yellow ligaments (Fig. 3c¢).

At surgery, the nonankylosed right facet joint at T11-T12
and pseudoarthrosis at the left pars interarticularis of the T12
lamina were confirmed; these conditions resulted in consid-
crable instability at the T1I1-TI2 level. Laminectomy of
T11 and T12, and posterolateral fusion from T10 to L1 were
performed using a pedicle screw system (Fig. 4a, b).

Alflter surgery, the patient reported great pain relief in his
back, and exhibited full recovery of motor strength in the
lower extremities. At the latest follow-up 4 months after
surgery, he could walk independently without pain, al-
though moderate bladder dysfunction persisted.

Discussion

Since the first description of a destructive discovertebral
lesion complicating AS, by Andersson in 1937 [4], such de-
structive lesions, known as spinal pscudoarthrosis, have
come to be recognized as one of the most important com-
plications ol advanced AS [4-22]. The exact pathogenesis
of these lesions remains controversiul. There is debute as
to whether inflammatory changes or mechanical stresses
play the key role in the development of these lesions
[5-9.15,17,19.21,.22].

In the present case, inflammatory activity of AS wuas ap-
parently controlled by administration of infliximab, which
provided dramatic pain relief and improvement of activities
of daily living. Unfortunately, the patient’s increased uctiv-
ity most likely led to spinal instability at the remaining

EZEd  Sacroiliac pain

-& CRP

Gait Urinary
=> disturbance g retention

02/17

Fig. 1. Clinical course following infliximab therapy is summarized. After the decrease in sacroiliue pain and serum C-reactive protein (CRP), the patient

developed back pain and subsequently paraparesis. VAS=visual analogue scule,
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Fig. 2. Rudiographs of the theracolumbar junction. (a, b) At referral (2 months after the third infusion of infliximab). Vacuum phenomenon in the interver-
tebral space and sclerosis of the adjacent margins of T11 and T12 are visible. (c, d) Lateral radiographs in flexion and extension positions at referral. Hy-
permobility between TH and T12 is indicated (range of motion, 12.2°). (e. 1) Two months before infliximab therapy. The initial changes of pseudoarthrosis

are visible.

mobile segment of the spine, resulting in serious parapare-
sis. Retrospective examination of radiographs confirmed
significant exacerbation of preexisting spinal pseudoarthro-
sis after the beginning of infliximab therapy. Although this
patient could huve certainly become myelopathic over time
without undergoing infliximab therapy, the patient’s history
and radiographic course suggest that suppression of inflam-
mation by infliximab improved his activities of daily living,
which paradoxicully exacerbated the preexisting spinal
pseudoarthrosis and contributed to the development of sub-
sequent paraparcsis.

Anti-TNFo agents such as infliximab have provided
a new approach to the treatment of AS; no disease-modify-
ing antirheumatic drugs are effective against AS [1-3]. Re-
ceat reports indicate that infliximab provides long-term
efficacy and safety in the treatment of AS [2,3). Although
severe adverse elfects of infliximab are rare, some physi-
cians arc concerned about the possibility of the following
types of adverse events: infections including sepsis and tu-
berculosis; malignancies such as lymphoma; hematological
disorders such as pancytopenia; demyelinating neuropathy;
congestive heart failure; elevation of liver enzymes; lupus
and vasculitis; autoimmunities and hypersensitivity

reactions [1-3]. Braun et al. reported that continuous inflix~
imab treatment for refractory AS for 54 weeks resulted in
significant and durable pain relief, improvement in physical
function, and decrease in disease activity. Six of their 69
patients discontinued infliximab therapy because of the fol-
lowing adverse events: systemic tuberculosis. leukopenia,
possibly antinuclear antibody—associated peripheral arthri-
tis, lupus-like rash, and liver function abnormalities {2}.
However, there have been no reported cases of paraparesis
due to rapid exacerbation of spinal pseudoarthrosis after in-
fliximab therapy for AS.

Spinal pseudoarthrosis is not an uncommon complica-
tion of AS [4-22]; the estimated prevalence of this compli-
cation ranges from 1% to 16% [17,22]. Severe neurological
deficits are rare clinical manifestations of spinal pseu-
doarthrosis. Most patients with psendoarthrosis only exhibit
localized backache, which is often misinterpreted as a com-
mon symptom of AS. Fang et al. reported that only 4 of
their 35 patients with spinal pseudoarthrosis had neurolog-
ical symptoms, and the remaining 31 patients complained
only of back pain [17]. For these reasons. this complication
can be easily overlooked by physicians. possibly resulting
in more serious consequences. Now that infliximab has
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Fig. 3. Before surgery, magnetic resonance imaging showed decreased signal intensity it the disc space and the adjacent marging between T11 and T12 on
both the (&) T1- and (b) T2-weighted images. The dural sac was compressed by the protruding dise and the hypertrophied yellow ligaments. (¢) Computed
tomogram showed a (racture of the left pars interarticularis at T12 (arrow) and calcitication of the hypertrophied yellow liganients.

Fig. 4. Postoperative radiographs of the thoracolumbar spine. After laminectomy of T1H and T12, posterolteral fusion frons T10 to LI was performed using
a pedicle serew system. (i) Anteroposterior view, (b) Lateral view.
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