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Abstract To investigate the role of lipopolysaccharide (LPS) in
hepatocyte activation, we examined the expression of Toll-like
receptor 4 (TLR4), the putative receptor for LPS in human
hepatocytes. TLR4 mRNA and protein expression was con-
firmed in human hepatocytes. Stimulation of human hepatocytes
with LPS results in rapid degradation of IkappaB-o and mitogen
activated protein kinase activation. Human hepatocytes stimu-
lated by LPS produced serum amyloid A protein. Our data
suggest that human hepatocytes utilize components of TLR4
signal transduction pathways in response to LPS and these direct
LPS-mediated effects on hepatocytes may contribute to liver
inflammation and injury.

© 2004 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.

Keywords: Hepatocyte; Lipopolysaccharide; Toll-like receptor;
Serum amyloid A protein

1. Introduction

Bacterial lipopolysaccharide (LPS), an essential component
of the outer membrane of gram-negative bacteria, provokes a
generalized proinflammatory response in the infected host that
leads to septic shock and multiple organ failure [1]. LPS also
causes liver injury [2]. The liver is an immunocompetent organ
that plays a key role in the innate immune responses to
pathogens [3]. The liver produces both inflammatory media-
tors and acute-phase reactants and functions to remove
pathogens and microbial products from the blood [4]. Al-
though hepatocytes have been reported to respond to LPS, the
mechanisms by which LPS stimulates human hepatocytes re-
main uncertain. It has been suggested that Kupffer cells, as well
as other macrophage populations, are responsive to LPS and
produce TNF-a and TL-1 that activate hepatocytes [5]. Re-
cently, Toll-like receptors (TLRs), several mammalian Toll
homologues, have been identified and shown to play important

" Corresponding author, Fax: +81-957-54-0292.
E-mail address: migita@nmec.hosp.go.jp (K. Migita).

Abbreviations: ERK, extracellular signal-related kinase; IxB-o, Tkap-
paB-o; JNK, c-Jun N-terminal kinase; LPS, lipopolysaccharide;
MAPK, mitogen activated protein kinase; SAA, serum amyloid A
protein; TLR, Toll-like receptor

roles in the recognition of various bacterial components [6]. In
humans, the TLR family consists of 10 members, all of which
are involved in the recognition of pathogen-associated mo-
lecular patterns [7]. Among these, Toll-like receptor 4 (TLR4)
has been shown to be critical for LPS and endotoxin signaling
[8]. TLR receptors have been identified on monocytes, mac-
rophages, Kupffer cells and dendritic cells, and LPS binds to
Kupffer cells via TLR4 [9]. LPS activation of Kupffer cells
leads to upregulation of inflammatory cytokines, which are
involved in liver damage [10]. Therefore, the general view is
that the Kupffer cell is the major target of LPS in the liver.

Serum amyloid A protein (SAA) is 2 major acute-phase pro-
tein (APP) produced in the liver after various insults such as
infection and inflammation [11]. SAA is an apolipoprotein that
belongs to class 1 APP in which IL-1 and IL-6 are the main in-
flammatory mediators involved in its transcriptional induction
[12]. Multiple cis-acting elements, including C/EBP and NF-«kB,
have been found to be important for SAA genes [13]. LPS in-
Jjection in rabbit results in the activation of C/EBP and NF-xB,
which may be responsible for LPS-induced SAA induction [14].
NF-xB and NF-IL6 are involved in the cytokine-induced SAA
gene expression [15]. SAF-1 is a zinc finger transcription factor
that is essential for cytokine-induced SAA induction [16]. It was
demonstrated that MAPK signaling pathway regulated the
DNA-binding activity and transactivation potential of SAF-1
and phosphorylation of SAF-1 in response to cytokines was
markedly inhibited by MAPK inhibitors [17]. More recently, it
was demonstrated that LPS-stimulated SAA protein induction
was significantly reduced in TLR4-deificient mice, suggesting
the critical role of TLR4 in SSA induction [18]. In the present
study, to determine whether hepatocytes respond directly to
LPS and produce SAA, we investigated the presence of TLR4, a
ligand of LPS, in human hepatocytes.

2. Materials and methods

2.1. Cells

Human primary hepatocytes were purchased from Cell Systems
(Kirkland, WA). The cells were cultured in a basal medium composed
of Ham’s F-12 and Leibovitz L-15 (1:1) medium (Invitrogen, Carlsbad,
CA), 0.2% (v/v) bovine serum albumin, 5 mM glucose (Wako Chem-
ical Co Inc., Osaka, Japan), 10~® M dexamethasone (Wako), and 107%
M bovine insulin (Invitrogen) supplemented with 10% (v/v) fetal calf
serum (FCS, Gibco, Grand Island, NY). These hepatocytes prepara-
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changes at or near promoters, whereas Topol
inhibitors caused transcription complexes to
stall in the midst of transcription units (34).

Collectively, our data reveal that a transient
dsDNA break occurs at multiple regulated
transcription units. This raises questions regard-
ing the interplay between molecular machineries
that are involved in the repair of dsDNA breaks
and the activation of the gene transcription.
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The Muscle Protein Dok-7 Is Essential
for Neuromuscular Synaptogenesis
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The formation of the neuromuscular synapse requires muscle-specific receptor kinase (MuSK) to
orchestrate postsynaptic differentiation, including the clustering of receptors for the neuro-
transmitter acetylcholine. Upon innervation, neural agrin activates MuSK to establish the
postsynaptic apparatus, although agrin-independent formation of neuromuscular synapses can also
oceur experimentally in the absence of neurotransmission. Dok-7, a MuSK-interacting cytoplasmic
protein, is essential for MuSK activation in cultured myotubes; in particular, the Dok-7
phosphotyrosine-binding domain and its target in MuSK are indispensable. Mice lacking Dok-7
formed neither acetylcholine receptor clusters nor neuromuscular synapses. Thus, Dok-7 is essential
for neuromuscular synaptogenesis through its interaction with MuSK.
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transmiitter, acetylcholine receptors (AChRs) on
the muscle must be densely clustered on the
postsynaptic side of the neuromuscular junction
(1, 2). Failare of AChR clustering is associated
with disorders in newomuscular transmission,
including congenital myasthenic syndrome and
myasthenia gravis (3, 4). The presynaplic
motor-nerve terminal secretes the glycoprotein
agrin 1o activate postsynaptic MuSK (5). This
agrin-dependent activation of MuSK is essential
to establish the postsynaptic apparatus, includ-
ing the clustering of AChRs, via the AChR-
associated protein Rapsyn (6--8). Nevertheless,
before innervation, MuSK-dependent AChR

clusters can form at the endplate area of

myotubes, suggesting a mechanism of post-

synaptic specialization that is independent of

agrin and innervation (9 11). Furthermore,
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neuromuscular synapses can form independent-
ly of agrin in mice that lack acetylcholine,
which appears to antagonize postsynaptic dif-
ferentiation (/2. 13). Thus, in addition to agrin,
there may be another clement that can achieve
MuSK activation and trigger postsynaptic
specializations at the neuromuscular junction.
MuSK contains a phosphotyrosine-binding do-
main (PTB domain) target motif Asn-Pro-X-
Tyr encompassing Tyf“ in the juxtamembrane
region, which is essential for proper functioning
in vivo (14). The binding partner for this motif
has remained elusive.

By searching databases, including GenBank,
the Furopean Molecular Biology Laborato-
ry, and the DNA Data Bank of Japan, for a
previously unidentified member of the Dok~
family of proteins, each of which has a PTB
domain, we identified Dok-7 and cloned hu-
man ¢DNA encoding 504 amino acids. Like
other members, Dok-7 has pleckstrin-homology
(PH) and PTB domains in the N-terminal
portion and Src homelogy 2 (SH2) domain
target motifs in the C-terminal region (fig. S1)
(15-17y. Cloming of mouse (Mus musculus)
and puffer fish (Takifugu rubripes) Dok-7
CDN/\ 1'cx'ealLd a highly conserved structure
(fig. . Like agrin and MuSK. no ortholog
was Iound in invertebrates such as the fiuit fly
(Drosophila melanogasier) and nematode
(Caenorhabditis elegans). Northern blot anal-
ysis of human tissues showed that Dok-7
mRNA is preferentially expressed in skeletal
muscle and in the heart (fig. S3A), and im-
numoblot analysis identified a 55-kD Dok-7
protein in the thigh muscle, diaphragm, and
heart but not in the liver or spleen (fig. S3B).
Furthermore, immunostaining of mouse skel-
etal muscles, including the sternocleidomas-
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toid, extensor digitorum longus, and gas-
trocnemius, with antiserum to Dok-7 high-
lighted the accumulation of Dok-7 at
neuromuscular junctions (Fig. 1, A to C),
which are composed of the postsynaptic
menibrane with its densely clustered AChRs
in close juxtaposition with the presynaptic
nerve terminal. Therefore, we denervated a
mouse gasirocnemius muscle by sciatic nerve
resection to confirm the muscular, and thus
postsynaptic, localization of Dok-7. One week
after the operation, synaptophysin, a compo-
nent of the presynaptic vesicle, was completely

o. Dok-7

AChR

abolished in denervated muscles (fig. S4).
However, the muscular localization of Dok-7
and AChRs remained intact, indicating a
postsynaptic localization of Dok-7 at neuro-
muscular junctions (Fig. 1, D to F). Because

postsynaptic differentiation and neuromuscular

synapse formation are initiated at the endplate
zone of skeletal muscle during embryogenesis
(9-11), we performed a whole-mount in situ
hybridization and found that Dok-7 twanseripts
are expressed inn the central region encompass-
ing the endplate area of the diaphragm muscles
at day 14.5 of embryonic development (E14.5),

Merge

REPORTS

when AChRs cluster in a nerve- and agrin-
independent manner (fig. 85). Together, these
results suggest that Dok-7 has the appropriate
distribution to be involved in the neuromuscular

Junction.

Given the requirement for MuSK’s PTB
target motif and presumably its binding partner
in postsynaptic specialization (14, 18, 19), we
next examined the interaction of MuSK with
Dok-7, which has a PTB domain, in 293T
cells. These heterologous cells do not express
ejther protein detectably, and forced expres-
sion of MuSK in these cells induced weak

G H
Dok-7 — + — + = +
MuSK — — WTWT KA KA Dok-7  ~ +
WCL o @2 1BruDok-7  |p. Py
“MuSK : MuSK
=2 |B: omye
BP aPY
-AChRpB1
IP: .
<PY-MuSK s oDok-7
amyc weL
\B: ePY : ofubulin
s

Fig. 1. Forced expression of the muscle protein Dok-7 activates MuSK and induces
AChR clustering. (A to F) Postsynaptic localization of Dok-7 at neuromuscular
junction. Dok-7 and AChR were visualized with antibodies (aDok-7) and a-
bungarotoxin, respectively, at an innervated (IN) or denervated (DN) neuromuscular
junction. Scale bars, 20 um. (G) Dok-7 induces autophosphorylation of MuSK.
Whole-cell lysates (WCL) or anti-Myc immunoprecipitates (IP: amyc) prepared from
2937 cells transfected with plasmids expressing Dok-7 and either Myc-tagged MuSK
(WT) or MuSK-KA (KA} were subjected to immunoblotting (IB). PY, phosphotyrosine.
(H) Forced expression of Dok-7 activates the MuSK pathway. Anti-MuSK IP, -

AChR ACHR

bungarotoxin precipitates (BP), or WCL from C2 myotubes transfected with plasmids for Dok-7 were subjected to 1B. (I and J) Forced expression of Dok-7
induces aneural AChR clustering in C2 myotubes. Abundant clusters of AChRs formed in C2 myotubes transfected with Dok-7 expression plasmids (]), but

only a few small clusters formed in the control (Mock) {1). Scale bars, 200 pm.

A B C D
MuSK + + + Dok? — + + + + + Day 3 Day 6
Dok-7 — WT RA MuSK - — WT YF NA KA - WTACRA — WTACRA 100
o~ %ﬁ% B amyc TR Exunugen 1B: amyc P @%% =0 I DY 5
amye] .. amye aMuSK S s aMusk 5
18 oDak-7 & v BroDok? )
. y [+
‘ - ww dm £&
IB: oDok-7 < 5 50
18; «Dok-7 iB: :Dok-7 5T
’ wCL ; L B
-MUSK g Q
weL <PY-Mu WOL @ i
«APY-MUSK 2
1B: oPY % iB: uTubulin 0
' iB: aPY ~ WT AC RA

Fig. 2. Dok-7 interacts with MuSK by way of the PTB domain. (A and B) The
PTB domain, its target, and kinase activity are essential for Dok-7 binding
to MuSK. Anti-Myc IP or WCL from 2937 cells transfected with plasmids for
Dok-7 and Myc-tagged MuSK or their mutants, including MuSK-KA, were
subjected to 1B. {C and D) The PTB domain and C-terminal region are in-
dispensable for the Dok-7-induced activation of MuSK and AChR clustering

in fully differentiated C2 myotubes. Anti-MuSK 1P or WCL from €2 cells
transfected with expression plasmids for Dok-7 (WT), Dok-7-AC (ACQ), or
Dok-7-RA (RA) were prepared at day 3 or 6 upon differentiation into
myotubes and subjected to IB (Q). The number of AChR clusters {mean !
SD) counted at day 7 is shown (D). Differentiation was achieved by day 6,
whereas only a few myotubes had formed by day 3.
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autophosphorylation (20, 21). Forced expres-
sion of Dok-7 induced an intense tyrosine
phosphorylation of MuSK but not the kinase-
inactive mutant with a Lys/Ala substitution
(MuSK-KA), indicating that Dok-7 induced
the autophosphorylation of MuSK (Fig. 1G).
This activity was unique to Dok-7; no other
mammalian Dok-family proteins induced
phosphorylation of MuSK (fig. $6). It was
also conserved; Dok-7 from puffer fish was
able to activate even mammalian MuSK.
Also, in C2 myotubes, the forced expression
of Dok-7 induced tyrosine phosphorylation of
MuSK and the B subunit (AChRBI) of the
AChR complex, which is known to be
tyrosine-phosphorylated upon activation of
MuSK (22) (Fig. 1H). Furthermore, this
forced expression induced numerous clusters
of AChRs, and the number of AChR clusters
correlated with the amount of Dok-7 expres-
sion plasmid (Fig. 1, 1 and I: fig. STA and
supporting online material). The exogenous
Dok-7-induced AChR clusters were elaborate-
ly branched, and their complicated architecture
resembled the differentiated “pretzel-like”
ACHR clusters formed in vivo (fig. §7, B and
(). In addition, forced expression in myotubes
of Dok-7 that had been fused with enhanced
green fluorescent protein (EGFP) induced
Dok-7 and AChR coclustering (fig. S7, D to
1), as observed at postsynaptic areas in vivo
(Fig. 1, C and F).

Because the regulatory interaction of Dok-7
with MuSK as described above implies their
physical interaction, we examined whether
Dok-7 binds to MuSK by way of the PTB
domain in 2937 cells. MuSK was coimmuno-
precipitated with Dok-7 but not with Dok-7
carrying three Arg/Ala substitutions (Dok-7-RA)
in the PTB domain (Fig. 2A). Consistently, the
mutant MuSK carrying either a Tyr/Phe sub-
stitution at Tyr™33 (MuSK-YF) or an Asn/Ala
substitution at Asn™% (MuSK-NA) in the PTB

target motif was not coimmunoprecipitated with
Dok-7 (fig. S9 and Fig. 2B). The failure of
the MuSK-KA kinase-inactive mutant to be
coimmunoprecipitated with Dok-7 confirms
the requirement of tyrosine phosphorylation
for the binding of MuSK with Dok-7 via the
PTB domain. These results indicate that Dok-7
binds to MuSK through the PTB domain in a
manner dependent on the tyrosine phosphoryl-
ation of its target motif in MuSK.

Nevertheless, mutations in the PTB do-
main (Dok-7-RA) or PTB target motif
(MuSK-NA or -YF) did not block activation
of MuSK, at least in heterologous cells (Fig. 2,
A and B). In addition, the N- and C-terminal
deletion mutants of Dok-7 (Dok-7-AN and -AC)
revealed that the C-terminal moiety, but not the
PH domain, of Dok-7 is dispensable for MuSK
activation in heterologous cells (fig. S10). Also,
the forced expression of Dok-7-RA or Dok-7-
AC induced MuSK activation even in C2 cells
at day 3 of differentiation into myotubes (Fig.
2C), when very few myotubes have formed.
Unexpectedly, however, the PTB domain and
C-terminal portion were indispensable for Dok-
7-induced MuSK activation and AChR
clustering in fully differentiated (2 myotubes
at days 6 and 7 of differentiation (Fig. 2, C and
D). In addition, the PH domain, responsible for
membrane localization in general, was indis-
pensable for the activation of MuSK in fully
differentiated myotubes (fig. S11), as was seen
in heterologous cells (fig. 510). Together these
findings suggest that a negative regulatory
mechanism preventing MuSK activation is
established upon differentiation into myotubes,
which is accompanied by increased expression
of MuSK and Dok-7 (fig. S12). Trace phospho-
rylation of MuSK in myotubes might allow
physical interaction with Dok-7, in tum facili-
tating dimerization and/or conformational
changes m MuSK that are necessary for its
sustained activation.

MuSK-deficient niyotubes do not form agrin-
dependent or -independent clusters of AChRs
unless MuSK is reintroduced (/8, 19, 23). To
confirm whether Dok-7-mediated AChR
clustering is dependent on MuSK, we in-
troduced Dok-7 into MuSK-deficient myo-
tubes. Unlike its effect in C2 myotubes, forced
expression of Dok-7 induced no AChR clus-
tering in the MuSK-deficient myotubes; how-
ever, additional expression of wild-type
MuSK resulted in robust clustering of AChRs
in these cells (Fig. 3A). Furthermore, the
MuSK-KA and MuSK-YF mutant each failed
to complement the MuSK deficiency, regard-
less of exogenous Dok-7. These findings
demonstrate that Dok-7-induced AChR clus-
tering in myotubes depends on Dok-7 inter-
action with MuSK and subsequent activation
of MuSK catalytic activity. Thus, we exam-
ined the regulatory interaction of Dok-7 with
a MuSK mutant [MuSK-Val/Met (MuSK-
VM)] that carries a Val™? to Met substitu-
tion. This mutation is causally associated
with the congenital myasthenic syndrome
by way of an as yet unclear mechanism
(24). As observed with MuSK-YF (Fig. 2B),
forced expression of Dok-7 in 293T cells
induced the autophosphorylation of MuSK-
VM. but its coimmunoprecipitation with
Dok-7 was barely detectable in these heterol-

ogous cells (lig. S13). Forced expression of

Dok-7 with MuSK-VM induced only very weak
ACHR clustering in MuSK-deficient myotubes
(Fig. 3A}. Therefore, the congenital myasthenic
syndrome -associated Val’?® to Met mutation
impaired interaction of MuSK with Dok-7. sug-
gesting a possible cause of neuromuscular
Junction dysfunction in these patients.

To examine the effects of Dok-7 down-
regulation in myotubes, we used a small inter-
fering RNA (siRNA) designed specifically to
block its expression. Inhibition of Dok-7

suppressed the tyrosine phosphorylation of

Fig. 3. Dok-7 is essential A B C
for activation of the MuSK- w8 Agrin —~ - + F
pathway to AChR clustering g3 9F siD7 —~ + - 8 .
in myotubes. (&) MuSK is ﬁ% e+ — 4 - g 200 - B sio7
required for Dok-7—induced e . mepy(oy B3
AChR clustering. MuSK- EE wr B 1B x5 150 |-
deficient myotubes were %ﬁ g"’:
transfected with the indi- "o 1P: oMUSK | g e mB:upy () S & 100 |-

. o W 10 |- Q A
cated plasmids. The number 2¢ : 8

) g ! ge
of AChR clusters'{mean + 3 = Bomy 898 1B: uMuSK £ 50 -
SD) per EGFP-positive myo- 2 T 2
; . P ————— o

Fube is shqwn. MuSK VM EGFP § — 4 = + = = 4 —~ — Agrin Agrin
is a congenital myasthenic ~ Dok7-EGFP = dim o e o o= Bp | == " .A(‘:hR[H ) +
syndrome—associated mu- MUSK oo o o o o e

tant. (B) Activation of the
MuSK pathway requires
Dok-7. (2 myotubes trans-
fected with Dok-7 SiRNA

MuSK-KA

(siD7) or the control (Ctrl) without ) or with (+) agrin treatment for 15
min were studied as in Fig. 1H. Both short [10 s (10”)] and long [1 min (1))
exposures are shown for the anti-PY IB of the anti-MuSK IP. (C} Dok-7 is

MUSKYF e o o

BUSK-UM s i i s

1P: xDOK-T | #mimm v

e e 1B ODORST

essential for AChR clustering. (2 myotubes were transfected with Dok-7 siRNA
(siD7) or the control {Ctrl) with or without agrin treatment for 12 hours. The
number of AChR clusters (mean ¢ SD} is shown.
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MuSK and AChRBI in C2 myotubes, demon-
strating its essential role in the aneural, basal
catalytic activity of MuSK (Fig. 3B). Indeed,
MuSK-dependent spontancous AChR clustering
was suppressed by this siRNA-mediated
inhibition (Fig. 3C). Morcover, the inhibition
of Dok-7 impaired the agrin-dependent acti-
vation of MuSK, the phosphorylation of
AChRBI, and the subsequent formation of
AChR clusters (Fig. 3, B and C). Thus, we
conclude that Dok-7 is essential for ancural
activation of MuSK and AChR clustering in
myotubes and is also crucial for agrin-
dependent activation of MuSK and AChR
clustering. Nonetheless, our results do not
exclude the possibility that Dok-7 might also
play a role downstream of MuSK. Indeed,
Dok-7 and MuSK were synchronously tyro-
sine phosphorylated upon treatment of myo-
tubes with agrin (fig. S14).

We generated mice lacking Dok-7 to
explore its role in vivo (fig. S15). Like mice
lacking MuSK or agrin (6, 7), all Dok-7
deficient (Dok-77") mice were immobile at
birth and died shortly thereafter (26 homo-
zygotes were observed among the first 137
pups)., although their wild-type and heterozy-
gous littermates appeared normal. Also, the
alveoli of the mutant mice were not expanded
at birth (fig. S15D), indicating a failwe to
breathe and suggesting a severe delect in

Fig. 4. Dok-7 is es- Nerve
sential for neuromuscular
synaptogenesis in vivo.
Diaphragm muscles were
prepared from the wild-
type control (WT) or Dok-
7 embryos at E14.5
(AtoF)orE185(Gto L)
and subjected to whole-
mount anti-neurofilament
and a-bungarotoxin stain-
ing, to visualize nerve and
AChR, respectively. Scale
bars, 100 pum.

WT Dok-7 -/ WT

Dok-7 -/~

www.sciencemag.org SCIENCE VOL 312

neuromuscular transmission in the skeletal
muscles. Consistently, there were no detect-
able AChR clusters in the endplate area of the
diaphragm muscle in Dok-7"" embryos at
either E14.5 or E185 (Fig. 4, E and K).
Because nascent AChR clusters are formed in
a nerve- and agrin-independent manner at
E13.5 1o E16.5, whereas most newromuscular
junctions are formed in a nerve- and agrin-
dependent manner at FE18.5, our findings
indicate a requirement for Dok-7 in both types
of MuSK-dependent postsynaptic special-
ization, although we cannot exclude the pos-
sibility that nascent AChR clustering is a
prerequisite for nerve- and agrin-dependent
ACHR clustering (9-- /7). Consistent with this
finding, Dok-7 transcripts were expressed in
the endplate area of the diaphragm muscle
(fig. S5). In addition, axonal branches extend-
ing from the motor nerve trunk were aber-
rantly long in the endplate arca of Dok-7-*
diaphragms at E18.5 and, unlike the controls,
did not terminate near the nerve trunk (Fig. 4,
G and ). Overall, these pre- and postsynapt-
ic abnormalitics are indistinguishable from
those found in mice lacking MuSK (7), dem-
onstrating an essential role in vivo for Dok-7
in neuromuscular synaptogenesis, a MuSK-
dependent vital process.

MuSK-dependent postsynaptic specializa-
tion during neuromuscular synaptogenesis

AChR Vierge

— 169 —

appears to be controlled by multiple regula-
tory mechanisms (2. 25). We have shown that
Dok-7 may be a muscle-intrinsic activator of
MuSK by demonstrating its essential role in
the aneural activation of MuSK and subse-
quent AChR clustering in cultured myotubes.
This conclusion is further supported by our
findings that mice lacking Dok-7 showed
marked disruption of ncuromuscular synap-
togenesis that was indistinguishable from the
disruption found in MuSK-deficient mice.
Thus, neuromuscular synaptogenesis requires
Dok-7 within the skeletal muscle. Dok-7
dysfunction may be involved in the patho-

senesis of neuromuscular junction disorders.
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Examination of IgM Rheumatoid Factor (IgM-RF) and
Anti-cyclic Citrullinated Peptide Antibody (Anti-CCP Ab)
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Abstract

We have studied the serology of 6 patients with palindromic rheumatism. None of the patients fulfilled the
classification criteria for theumatoid arthritis at the entry; however, 4 out of the 6 patients were seropositive
for IgM rheumatoid factor (IgM-RF) at entry. Sequential serological study was performed in 4 patients; IgM-
RF changed from seronegative to seropositive in one patient, and the titer increased in another patient. Anti-
cyclic citrullinated peptide antibody (anti-CCP Ab) at the entry was detected in only one of the 6 patients;
that patient later developed RA. Although follow-up is necessary, the present study may suggest the impor-
tance of serological examination, especially anti-CCP Ab, in patients with palindromic rheumatism.

Key words: palindromic rheumatism, IgM-RF, anti-CCP Ab

(DOI: 10.2169/internalmedicine.45.1407)

Introduction

Palindromic rheumatism is characterized by recurrent at-
tacks of acute arthritis of short duration. In the long term,
some of these patients develop a connective tissue disease,
usually rheumatoid arthritis (RA) (1, 2). Previous studies in
Europe and North America showed that the presence of IgM
theumatoid factor (IgM-RF) in palindromic rheumatism pa-
tients indicates a future risk for RA (1-4), and anti-cyclic
citrullinated peptide antibody (anti-CCP Ab) was recently
reported in palindromic rheumatism patients (5). Thus, we
measured IgM-RF and anti-CCP Ab in the sera of Japanese
palindromic rheumatism patients.

Case Presentation

We encountered 6 patients with palindromic rheumatism,

as diagnosed by the criteria described by Gonzalez-Lopez et
al (1). Informed consent was obtained from all of the pa-
tients.

Table 1 summarizes the profiles of the 6 palindromic
rheumatism patients. All patients were prospectively
followed-up, and the disease duration was estimated from
the time of first attack until the last consultation. Seroposivi-
tities of IgM-RF and anti-CCP Ab shown in Table 1, were
obtained from the data of the latest serological examina-
tions. Joint involvement in Table 1 shows the total joints af-
fected during the follow-up period. Serology was serially
examined in 4 patients; IgM-RF turned to be positive in one
patient and its titer increased in one case (Fig. 1). Among
the 6 patients, one patient developed RA later. IgM-RF was
seropositive in 4 out of 6 patients; however, only the one
patient who developed RA was positive for anti-CCP Ab.
Anti-CCP Ab in this case was consistently positive; how-
ever, IgM-RF was negative during the follow-up period
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Table

i. Clinical Findings and Serological Data from 5 Pa-

2000 2003 2003 2004
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tients with Palindromic Rheumatism s ensg 4 ! § 1 i
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Case 3 August Al Apdl
Cass 1 58 M ankie, JATP % 986 %] PR | i
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Case o #a 0 Case 4 Fobruary Fotracy Soplomoes Fabniocy
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Coss & e doea 8 e 30 {gM-RF (1Ll <88 <88 23 35
Cose 5 &3 el chow, 22 780 <06 Anti-CCP Anbibady (imd) NT. KT NT. 30
ankle 2008
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wrisl onam_§ 1 iRA 1
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A-FF wap maatuted by Ipler-grhancad irenurdaiocionsetic assey (Dado Behving, Anti-CCP Anbbody {Ulrmi) 135 720

Karburg, Getmany, cul-off valus< 14 i), Aoli-QUP Al was snegdazed by seayme-dinked
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i), IphRF was possve in cases 1,3, 3 ard 5, wherans snb.CCP Ab was positive in
o &6,

(Fig. 1 and Table 1). Plain radiographs of the affected joints
were examined serially (case 1 to case 6), but no erosive
bone changes were not found in any of the patients (data
not shown).

Discussion

Gonzalez-Lopez et al have reported that 28% of patients
with palindromic rheumatism developed RA after a mean
follow-up of 6 years (1). Previous investigations including
that of Gonzalez-Lopez et al showed that seropositivity for
IgM-RF could be one of the risk factors for subsequent de-
velopment of RA (1-4). The present study includes 6 cases
with a mean follow-up of 3.1 years. Among them, the one
patient who developed RA later was seropositive for anti-
CCP Ab and seronegative for IgM-RF. Thus, the presence of
anti-CCP Ab might be a prognostic factor for future onset of
RA. The involvement of proximal interphalangeal (PIP)
joints, wrist joints and metacarpophalangeal (MCP) joints
has been suggested to indicate future risk for RA in patients
with palindromic rheumatism (1), and such involvement was
observed in 5 out of 6 patients. Thus, further follow-up will
be necessary to detect the onset of RA of our cases.

Van Gaalen et al recently revealed that the presence of
anti-CCP Ab is the best predictor for the progression to RA
in patients with undifferentiated arthritis (6). Anti-CCP Ab is
reported to be found in 56.3% of patients with palindromic
rheumatism in Spain (18 out of 32 patients); however, pre-
diction of the future development of palindromic rheuma-
tism to RA by anti-CCP Ab remains to be determined (5).
Our prospective study of early-stage RA indicates that about
70% of the patients at baseline already show the seropositiv-

Figure 1. Serial serological examinations of 4 patients with
palindromic rhesmatism. IgM-RF: IgM rheumatoid factor.
Anti-CCP Ab: anti-cyclic citrullinated peptide antibody.
N.T.: not tested. In case 2, the patient’s condition developed
into persistent arthritis in July 2003, whereas she did not ful-
fill the 1987 ACR classification criteria for RA. In addition,
plain radiographs of the affected joints did not show any ero-
sive change until now. In case 6, the patient was diagnosed as
RA in August 2005; however, plain radiographs of the af-
fected joints in October 2005 did not show any erosive
change.

ity with anti-CCP Ab (7, 8); the difference in anti-CCP Ab
seropositivity from that found by Salvador et al (5) in Spain
may be due to arise from racial difference. Further study
may answer question.

The present data are preliminary and limited; however, to
our knowledge, this is the first prospective observation of
Japanese patients with palindromic rheumatism regarding
IgM-RF and anti-CCP Ab. Further clinical investigation, in-
cluding a large number of patients will be necessary to clar-
ify the significance of IgM-RF and anti-CCP Ab in the pre-
diction of further onset of RA in Japanese palindromic rheu-
matism patients.

We thank Maiko Kubo, Nobuko Fuknda and Kouko
Munechika for their technical assistance.

Abbreviations: ACR: American College of Rheumatology,
anti-CCP Ab: anti-citrullinated peptide antibody, IgM-RE: IgM
rheumatoid factor, MCP joint: metacarpophalangeal joint, MTP
joint: metatarsophalangeal joint, PIP joint: proximal interpha-
langeal joint, RA: rheumatoid arthritis
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in rheumatoid arthritis (RA) because significant articu-

lar damage in patients is evident radiologically within
the first few years of the disease.' This study was designed o
confirm whether anti-cyclic citrullinated peptide antibodies
(anti-CCP Ab) define the subset of patients with early stage
RA who have bone marrow oedema, obserded by magnetic
resonance imaging (MRI).

Patients were referred from the Early Arthritis Clinic,
started in 2001 at the First Department of Internal Medicine,
Graduate  School  of  Biomedical nces,  Nagasaki
University. After prospective follow up, diagnosis of RA was
made by the 1987 criteria for RA of the American College of
Rheumatology.” Eighty patdents who gave their informed
consent o the profocol that was approved by the Institutional
Review Boand of Nagasaki University were enrolled in the
study.

The disease duration of 80 patients with RA at the entry
was <24 months (mean disease duration 4.8 months), and
thus these patients had carly stage RA. Serological variables
al entry were as follows: mean (SD) C reactive protein 1.6
(2.5) mg/ml, matrix metalloproteinase 3 (MMP-3) positivity
46.3%, anti-CCP Ab positivity 67.5%, and IgM rheumatoid
factor (1gM-RF} positivity 67.5%. The mean modified
Genant-Sharp score of plain radiographs of both hands at
entry was 0.41.

Magnetic resonance images of both wrists and finger joints
were taken simullaneously using the 1.5 T system (Sigma,
GE Moedical Sysiems, Milwaukee, WI). Images were cval-
uated for the presence or absence of bone marrow oedema
and synovitis in 15 joints of each finger and wrist—that is,
the distal radioulnar joint, radiocarpal joint, mid-carpal joint,
st carpometacarpal joint, 2nd-5th carpometacarpal joints
(together), Ist—Sth metacarpophalangeal joints separately,
and the Ist-5th proximal interphalangeal joints separately
(total 30 joints from both hands).

The severity of synovitis was assessed by the number of
joints with synovitis and the rate of enhancement (E-rate),
on a dynamic study by injection of gadolinium-dicthylene-
triamine pentaacetic acid. The E-rate means the vascularity, '
by plotting the signal intensity against time in a selected
region of interest (about 2-3 mm in diameter) of the site of
maximum enhancement in the above-mentioned 15 joinis.
Determination of bone marrow oedema was also carried
out™ by two experienced radiologists (MU and ST), and
decisions were reached by consensus.

We examined simply and automatically the wrists and
finger joints, including proximal interphalangeal joints, by
MRIL using the above-mentioned variables instead of the
OMERACT 5 RA-MRI scoring system.” " We divided the 80
patients with early stage RA according (o the presence o1
absence of antd-CCP Ab (able 1),

E arly prediction of erosive joint damage is very important

Ann Rheum Dis 2006;65:133-134. dei: 10.1136/ard.2005.04138

The proportion of patients with bone marrow oedema was
significanily higher in the anti-CCP Ab+ group than in the
anu-CCP Ab- group. In contrast, there were no differences
between the tvo groups for the other variables (for example,
CRP, MMP-3 positivity, number of joints with synovitis, and
mean E-rate of 30 joints).

Division of patients according to the presence or absence of
IgM-RF also showed a higher proportion of patients with
bone marrow oedema in those who were anti-CCP Ab
positive than in those negative for the antbedy, but the
difference was not significant (table 2). However, because
81.5% of anti-CCP Ab+ patients also possessed 1gM-RE (44/54
patients), anti-CCP Ab and 1gM-RE are not independent
factors for bone marrow ocdema. Bone marrow oedema is a
forerunner of hone crosion on plain radiography,” and thus
our present data show the additional importance ol the

Table 1 Comparison of anti-CCP Ab+ and anti-CCP
Ab- patients

Anti-CCP Ab+  Anti-CCP Ab-

Variables n=>54) {n=26} p Vadlue
CRP {mg/ml) 1.3{2.0} 2.213.3) 0.39*
MMP-3 {%) 50.0 38.5 0.331
Number of joints with
synovitis 12.2 {6.4} 10.3 {6.4) 0.30*
Mean E-rate of 30 joints 7.7 {3.0) 7.4{2.9) 0.67*
Bone marrow oedema
% 64.8 38.5 0.03%
No 2.81{3.5) 1.1{2.3) 0.0

Data are mean {SD} unless stoted otherwise. The proportion of patients
with bone marrow cedema was significantly higher in the ani-CCP Ab+
group than in the ani-CCP Ab- group: *by Mann-Whitney U test; thy %

test.

Toble 2 Comparison of IgM-RF+ and IgM-RF~ patients

IgMRFE+  IgMRF-

Variables {n=54} (n=26} p Value
CRP {mg/ml) 1.5{2.1) 20(3.3) 096
MMP-3 (%) 51.9 34.6 0.23*
Number of joints with synovitis 12,1 {5.6)  10.6 {7.8} 0.22*
Mean E-rate of 30 joinis 761320 7.612.3) 0.58"
Bone marrow cedema

% 63.0 42.3 0.08*

No 2.7 {3.5) 1.4{2.7) 0.07*

Data are mean {SD) unless stoted otherwise. Division of patients by igM-
RF scropositivity showed o higher proportion of patients with bone
marrow oecdema compared with thase negative for the antibody, but the
difference was not significant: by Mann-Whitney U fest; thy 4~ test.
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presence of anti-CCP Ab at baseline as an indication of [uture
bone erosion in carly stage RA”
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Early prediction of rheumatoid arthritis by serological
variables and magnetic resonance imaging of the wrists and
finger joints: results from prospective clinical examination

M Tamai*, A Kawakami*, M Uetani, S Takao, H Rashid, F Tanaka, K Fujikawa, T Aramaki,
H Nakamura, N lwanaga, Y Izumi, K Arima, K Aratake, M Kamachi, M Huang, T Origuchi, H Ida,

K Aoyagi, K Eguchi

e aimed at characterising the serological variables
Wand magnetic  resonance imaging (MRI) early

changes in the wrists and finger joints which would
difterentiate rheumatoid arthritis (RA) from rheumatic
discases other than RA (non-RA) at the carliest stage.

Patients were referred from the Early Arthritis Clinic,
started in 2001 at the First Department of Internal Medicine,
Graduate School of Biomedical Sciences, Nagasaki
University. Alter prospective follow up, a diagnosis was
made according to international classification criteria, and in
particular, RA was defined by 1987 criteria of the American
College of Rheuwmatology for RA.' Informed consent was
obtained from all the patients, and the protocol was approved
by the Institutional Review Board of Nagasaki University.

Eighty consecutive patients with RA and 33 non-RA
patients were studied and a diagnosis evaluated 12 months
after entry, by March 2005. The mean disease duration of the
80 patients with RA at entry was 4.8 months, and thus they
were described as early stage RA.

MR images of both wrists and finger joints were acquired
with a 15T system (Sigma, GE Medical Systems,
Milwatkee, WI, USA) with the use of an extremity coil.
Coronal Ty weighted spin echo (repetition time 450, ccho

www annrheumdis.com

Ann Rheum Dis 2006;65:134~135. doi: 10.1136/ard.2005.043075

time 13) and short time inversion recovery (repetition time

3000, echo time 12, Ty 160) images were acquired. The images

were evaluated for the presence or absence of bone marrow
oedema, bone erosion, and synovitis in 15 joints in cach
finger and wrist—namely, distal radioulnar joint, radiocarpal
joint, mid-carpal joint, 1st carpometacarpal joint, 2nd-5th
carpometacarpal joints (together), 1st=5th metacarpophalan-
geal joints separately, and 1st=5th proximal interphalangeal

joints separately (total 30 joints from both hands). The exient

ol synovitis, bone marrow oedema, and bone crosion was
determined, as previously described,” ™ by two experienced
radiologists (MU and ST), and decisions were reached by
CONSENSUS. '

Symmetric arthritis is a characteristic feature of RA.' The
presence of symmetric synovitds on MRI was defined as
bilateral involvement of wrist sites, metacarpophalangeal
joints, or proximal interphalangeal joints without absolute
symmetry. Because we focused on the presence or absence of
early joint changes on MRI for the differentiation, we did not
use the OMFERACT 5 RA-MRT seoring svstem® ¥ As expected,
the positivity of matrix metalloproteinase 3 (MMP-3;
measured by enzyme linked immunosorbent assay (ELISA;

%

Daiichi Pure Chemicals, Fukuoka, Japan) {46.3% v 12.1%),
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Table 1 Serological variables and MRI findings for the discrimination between early

stage RA and non-RA

Weighted
Variables Odds ratio  Coefficient  SE pValue  score
Anti-CCP antibody and/or Igh RF 7.42 2.00 0.57 0.0005 1
MMP-3 2.87 1.058 0.72 0.14 0
Symimetric synovitis 4.37 1.47 0.57 0.009 i
Bone marrow oedema and/or bone erosion 5.48 1.70 0.63 0.007 1

Logistic regression analysis identified the presence of anti-CCP antibady and/or IgM RF, symmelric synovitis on
MR, and bone marrow oedema and/or bore erosion on MR as significant and independent measures for
discrimination between early stage RA and non-RA. The weighted score was calculated based on the regression
coefficient for each variable as described in the text.

Table 2 Evaluation of the prediction score {2} in early stage RA at the first visit

Paosifive Negative
predictive value  predictive value

Total score Sensitivity {%) Spedificity (%] (%} {%) Accuracy {%}
96.3 30.3
82.5 84.8 93.0 66.7 83.2
50.0 6.9

We calculated the sensitivity and specificity of our scoring system for the prediction of eurly stage RA according to
the sum of weighted scores described in table 1.

Sensitivity and specificity are shown for patients classified as eorly stage RA according to the total score {sum of
weighted score 1-3).

We evaluated the statisticol character of prediction score (#2) for the present 113 patients for the prediction of RA

at entry.

anti-cydlic citrullinated peptide antibody {anti-CCP antibody;
measured by  ELISA; DIASTAT Ant-CCP, Axis-Shield,
Dundee, UK) (67.5% v 12.1%), and IgM rheumatoid factor
{IgM RF; measurcd by latex-cnhanced immunoncphelo-
metric assay; Dade Behring, Marburg, Germany) {67.5% v
30.3%) as well as the frequency of symmetric synovitis
(81.3% v 36.4%), bone marrow ocedema (56.3% v 12.1%), and
bone erosion (45.0% v 9.1%) were higher in early stage RA
than in non-RA.

Logistic regression analysis using the statistical analysis
system software demonstrated that the presence of anti-CCP
antibody and/or IgM RF, symmetric synovitis and bone
marrow oedema and/or bone crosion at entry could dis-
criminate between patients with RA and non-RA patienis
{1able 1).

At the first visit, a total score of two or more of the three
objective measures {anti-CCP antibody and/or 1gM-RF: I,
symmetric synovitis on MRI: 1, bone marrow oedema and/or
bone erosion on MRI: 1) allowed the prediction of RA with
82.5% sensitivity and 84.8% specificity, respectively (table 2).
{Statistical weights of the variables were calculated based on
the regression coefficient for cach variable, standardised by
dividing by the cocfficient for symmetric synovits; values
were rounded off 1o yield integers.)

Our present data may indicate that the prediction of
autoantibodics as well as MRI detection of carly joint
changes contribute 1o the accurate diagnosis of early stage
RA.
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