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Table 1 )
Fold-changes of expression of “chemokine genes” after rhAIF-stimulation of isolated
CD14* PBMCs. Signals and ratios were determined according to Affymetrix algorithms
and procedures.

Probe set 1D AIF signal NC signal Ratio Gene title -
206365_at 498.7 279 13.00 CCL-1
216598 s_at 13251 237.0 4,00 CClL-2
205114 s_at 47688.5 5122.8 9.19 CCL-3
204103 _at 48797.1 6007.6 8.00 CCL-4
1405_i_at 130.7 938 9.85 CCL-5
208075_s_at 195.1 69.3 2.00 CCL-7
214038 _at 7535 283.7 348 CCL-8
210133_at 26.5 548 0.57 CCL-11
216714 _at 213.7 105.2 2.14 CCL-13
210380 s_at 31285 110.2 25.99 CCL-14, CCL-18
207354 _at 122.5 56.5 2.64 CCL-16
207900_at 372 40.1 0.71 CCL-17
32128 _at 888.7 3344 2.14 CCL-18
210072_at 2372 384.1 1.15 CCL-19
205476_at 7638.8 67.7 45.25 CCL-20
204606_at 92.6 416.7 0.22 CCL-21
207861_at 153.0 124.2 1.23 CCL-22
210548_at 580.0 285 16.00 CCL-23
221463_at 5081.6 694.9 6.50 CCL-24
206988 _at 104.1 41.2 1.74 CCL-25
223710_at 64.2 128.2 0.38 CCL-26
230327_at 2119 2134 132 CCL-27
224240 5 at 358.6 629.9 0.93 CCL-28

T cells that secrete AlF-1 upregulate the proliferation of VSMCs
[12]. Moreover, LPS-stimulated macrophages expressed AlF-1 and
secreted interleukin I1-6, IL-10 and IL-12p40 [13]. Thus, AIF-1 gene
expression is involved in specific inflammatory signaling pathways
related to T cell activation. Moreover, rhAIF itself can induce. clie~
motaxis and proliferation as well as [L-6 production in synovial
fibroblasts from patients with RA and in normal human fibroblasts
[7.8]. IL-6 and AIF-1 concentrations in synovial fluid were signifi-
cantly elevated in patients with RA compared with patients with
osteoarthritis. There was a positive correlation between the syno-
vial fluid levels of AIF-1 and IL-6. In this study of CD14" PBMCs,
rhAIF-1 induced expression of chemokine-related genes and
enhanced secretion of CCL3/MIP-1¢, together with IL-6 and small
amounts of other chemokines. It is reported that CCL3/MIP-1c
induced chemotaxis in monocytic cells by more than 1ng/mL
{14]. Actually, we applied CCL3/MIP-1« as reference control at
0.5, 5, 50, 150 ngfmL in PBMC migration, but the chemotaxis was
induced at a concentration of more than 50 ng/mL CCL3/MIP-1¢.
(data not shown). We assume that the difference of the cells and
the assay system we adopted may be a cause of this matter. As a
result, these secreted molecules could induce chemotaxis of
PBMCs. CCL3/MIP-1cx is produced by a variety of immune cells such
as monocytes and macrophage, and orchestrates acute and chronic
inflammatory responses by recruiting proinflammatory cells [15].
CCL3/MIP-1¢ is considered one of the most important molecules
in RA pathology [11,16].

Chemockines expressed in joints can recruit leukocytes and
stimulate both fibroblast-like synoviocytes (FLS) and chondrocytes
to release inflammatory mediators, including cytokines and MMPs,
leading to cartilage degradation and pannus formation. Further-
more, chemokines enhance cell proliferation and angiogenesis,
leading to synovial hyperplasia. Chemokines released by leuko-
cytes and FLS, or by the chondrocytes themselves, can induce
autocrine/paracrine stimulation of these cells, leading to joint
destruction {11].

IL-6 is a pleiotropic cytokine with multiple biological effects on
immune regulation, haematopoiesis, inflammation, and oncogene-
sis [17]. These finding suggest that AIF-1 could be involved with
various immune-inflammatory reactions by inducing IL-6 and
chemolines in CD14" PBMCs.
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In conclusion, we found that AIF-1 upregulated several CC che-
mokine genes, leading primarily to release of CCL3/MIP-1¢ that
could induce PBMC migration towards inflamed tissue. Although
further work is needed to clarify the molecular mechanism of
action of AIF-1, we suggest that AIF-1 may represent a molecular
target for the therapy of immune-inflammatory disorders.
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ARTICLE INFO ABSTRACT

Article history:

Bone destruction at inflamed joints is an important complication associated with rheumatoid arthritis
(RA). Interleukin-10 {IL-10) may suppress not only inflammation but also induction of osteoclasts that
play key roles in the bone destruction. If [L-10-producing osteoblast-like cells are‘induced from patient
somatic cells and transplanted back into the destructive bone lesion, such therapy may promote bone
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Keywords: remodeling by the cooperative effects of IL-10 and osteoblasts. We transduced mouse fibroblasts with
[nterleukin-10 genes for [L-10 and Runx2 that is a crucial transcription factor for osteoblast differentiation. The IL-10-
g;:;b;‘zgm producing induced osteoblast-like cells {IL~10-i0Bs) strongly e:\p.essed ostecblast=specific gengs and
Rheumatoid arehiitis massively produced bone matrix that were mineralized by calcium phosphate in vitro and in vivo. Cul-
Gene therapy ture supernatant of 1L-10-i0Bs significantly suppressed induction of osteoclast from RANKL-stimulated

Raw264.7 cells as well as LPS-induced production of inflammatory cytokine by macrophages, The 1L~

10-i0Bs may be applicable to novel celi-based therapy against bone destruction associated with RA.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Rheurmatoid arthritis (RA) is a chronic disorder characterized by
systemic inflammation and multiple arthritis. In addition to syno-
vial lesions, the bones at the inflamed joints are destructed by acti-
vated osteoclasts, resulting in severe pain, deformity and disability
in patients. Although the pathogenesis of RA remains to be fully
understood, crucial roles are played by proinflammatory cytokines
such as {L-1B, IL-6, and TNF-a that are secreted from activated T
cells and macrophages [ 1]. These cytokines also provoke synovial
filrablaste:to produce RANKL whick. subsequently induges ostes-
clasts to cause destruction of cartilage and bone {Z}. Monoclonal
antibodies and soluble receptors that block the pro-inflammatory

Abbreviations: RA, rheumaroid arthritis; i0Bs, induced osteoblast-like cells; {L-
10-i0Bs, [L-10-producing induced osteoblast-like cells; OCN, osteocalcin: OPN,
osteopontin; BSP, bone sialoprotein; ALP, allaline phosphatase.
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E-mail address: mazda@kotnkpu-macip (0. Mazda)
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0006-291X{© 2014 Elsevier Inc. All rights reserved.
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cytokine signals have been used as biological agents and drastically
improved the clinical outcome of RA; however, various adverse
events may be associated with the therapies such as serious infec-
tion {3]. Meanwhile, any carrent medication has niot succeeded in
healing destructive bone, and surgical intervention is required to
treat patients with severe joint destruction [4,5]. Therefore, it is
necessary to develop 'a new therapeutic approach to suppress.
inflammation and archive repair of the destructed bones without
causing undesirable adverse events.

1L-10 is a profound immunosuppressivé cytokine produced by

-:a-s-nnls:grrac‘ T t-al}c and rort‘-.nn caﬂ-u:nrc- nFQ rn]lc .and. dmadnhr

Sdle

cells {DCS) {81, Moreover, IL-10 remarkably prevents generation
of osteoclasts through the inhibition of NFATc1 expression {7L
Therefore, [L-10 is regarded as a promising cytokine applicable to
anti-rheumatic therapy, due fo its powerful actmttes to suppress
inflammation as well as osteoclastogenesis.

A number of reports indicated that systemic administration of
11-10 may provide significant therapeutic benefit to animal models
of experimental arthritis {8~10]. Moreover, IL-10 suppresses pro-
duction of inflammatory cytokines such as IL-1§ and TNF-& by
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‘synovial fluid macrophages of RA patients { 11]. In previots clinical
trials, IL-10 administration was reported safe and well tolerated,
but its therapeutic efficacy for RA was unsatisfactory [12,13]. This

’may be due to insufficiency of distribution of =10 at the joint
Iesxons after systemic administration of the cytokine. Systeimic
adrministration of 1 higher dose of 11-10 could potentially cause
cancer development, chronic infection, and Th2-dependent auto-
immune disorders that represent lupus-like symptoms [14]. There-
fore, local dchvery of IL-10to the inflammatory legions is desirable.
Same studies have shown that the cells genetically modified to
produce 1L~10 were effective in tr eatmg experimental arthritis in
animals {15,186},

Osteoblasts are crucially mvolved in bone formatxon and
remodeling through production” of cafcitied bone ‘mateix. We
hypothesized that if osteoblast-like cells are engineered to produce
1L-10 and transplanted into the destructed borne tissue, such'a pro-
cedure may offer a great deal of therapeutic benefits to RA patients
due to remodeling of bone tissue as well as suppression of articular
inflammation. Osteoblast-like cells can be induced from mouse
fibroblasts by transducing the Runx2 gene that plays an essential
role ingsteoblast differentiation [17], and this sort of technalogy

may enable production of patient-specific, induced osteoblast-like
cells (10Bs) that are suitable for transplantation therapy.

However, effect of [L~10 on osteoblast differentiation remains
controversial. [L-10 gene knockout mice showed loss of alveolar
bone and osteopenia-like phenotypes including bone mass reduc-
tion [18~20]. Tn contrast, van Vlasselaer et al. reported thatadmin-
istration of exogenous IL-10 inhibited the osteoblast differentiation
from mouse bone marrow celis tmougn the mmbmon of TGF-p1
[21.22).

in this context, we examined whether co~transduct;on of Runx2
and 11~10 genes successfully induced mouse fibroblasts into [L-10-
producinig osteoblast-like cells with capability to produce bone

matrix. We also tested whether the genetically modified cells.

inhibited production of pro-inflammatory cytoldnes by activated
macrophages as well as induction of osteaclasts.

2. Materiais and methods
2.1. Cells

Mouse embryenic fibroblasts (MEFs) were obtained from Balb/c
embryos at the gestational age of day 13.5 by digestion with colla-
genase (NB4G®™; Serva, Heidelberg, Germany). MEFs were cultured
in DMEM supplemented with 10% fetal bovine serum (FBS) 100U/
‘mL pemcuhn, 100 ug/mL streptomyun, and 10 mM non-essential

‘amino acids (standard ‘medium). Raw264.7, A20, and 5a0S2 were

purchased from RIKEN cell bank (Tsukuba, Japan). Yacl was main~
tained in our laboratory. SCC-7 was Xindly g gifted by Dr. Oya at the.
Deparmlent of Therapeutic Radiology and. oncology. Kyoto Univer-
sity, Japan.

2.2: Refrovirus vectors

The ¢DNA fragments encoding mouse Runx2 and 1L-10 genes
were obtained from: pFLCI-mouse Runx2 and pFLC[~mouse L-10
plasmids (Danaform, Kanagawa, Japan), respectively, and inserted
into the pMX-pure with GeneArt Seamless Cloning and Assembly
(Life Technologies, Carlsbad, CA). The resultant retrovirus vector
plasmids, pMX-mRunx2.purg and pMX-mlIL10. puro, wete transfec-
ted iuto the Plat-E packaging cell line with X~tremne Gene 9 (Roche
Diagnostics; Basel, Switzerland). Twenty-four hours-later; the cul-
ture medium was replaced by fresh one, and after incubation for
another 24 h, culture supernatant containing retrovirus vectors
was harvested.
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2.3. Induction of osteoblasts

MEFs were seeded onto a 24-well plate at a density of 1. 5% 10%
per-well. On the next day, the retrovirus vector suspension was

: supplemented with 4 pg/mL polybrene. (Nacalai Tesque, Kyoto,

Japan) and added to the cells, which were subsequently cultored
inthe standard medium supplemented with 100 nM dexametha-

_ sone (Nacalai.Tesque), 50 pg/mL L-ascorbic acid.(Nacalai Tesque),

and 10 mM p-glycerophosphate (Tokyo Chermical Industry, Tokyo,
Japan)(osteogenic medium), The culture was continued for 2 ‘to
4 weels, while the medium was changed every 2 days.

2. Alizarin red S staining and staining by von Kossa’s method

For Alizarin red $ staining, cells were fixed with 85% ethanol for
10 min at room temperature: After washing with distilled water,
cells were stained with Alizarin red $ solution (Sigma-Aldrich, St.
Louis, MO) for 30-45 min, followed by another washing with dis~
tilled water. Stamed area was calculated with Image] {23]. For

von Kossa stammg, cells were fixed in 10% neutral buffered forma-
lin far- 1(1;\'\1:‘) at room t;gmngrat;&ra Aft'gr 3 f‘\mpc \M:xchlncr \_Anrh
distilled. water, 5% -silver nitrate solution’ (ScyTek Laboratones,
Logan, UT) was added ‘to the cells, which were subsequently
exposed to ultra violet for 30-60 min. Culture dishes were rirised
3 times with distilled water; and incubated with 5% sodium thio-

sulfate solution (ScyTek. Laboratones) for 2 min.
2.5. Alkaline phosphatase (ALP) staining
ALP activity was determined by ALP staining using a Leukocyte

Alkalire Phosphatase Kit (Sigma-Aidrich) following the manufac-
ture’s instruction. Briefly, cells were fixed with 60% acetone/40%

. citrate. After washing with deionized water, cells were stained

with: a diazonium salt solution containing fast violet blue sait
and 4% of naphthol AS-MX phosphate alkaline solution for 1h

‘under protectxon from light.

2.6. Immunoﬂuorescence staining

Cells were fixed witl 4% paraformaldehyde at 4 °C for 30 mim.
followed by washing with 0.02% Tween-20/PBS. After blocking,
cells were washed and incubated with FITC-conjugated rat anti-
mouse H~10 (final concentration was 1:100) (eBioscience, San
Diego, CA) and Cy5.5-conjugated rabbit anti-mouse osteocalcm
(OCN) {final concentration was 1:100) (Bioss, Woburn, MA) anti-
bodies. On the next cxay, cells were washed, and observed under
a fluorescence mlcrsscope '

2.7 “Real time RT-PCR

Cells were homoaemzed inlsogen 2 (Nippongene, Tokyo,japan)
and total RNA was: harvested by the phenol guanidinium acid-based
procedure After reverse i:ranscrlpnon using ReverTra Ace. qPCR RT
Master Mxx (TOYOBO, Osaka, japan) cDNA served as template for
realtime PCR using Applied Biosystems 7300 Real-Time PCR System.
The primers and dye pr obe for osteocalein (OCN) (Bglap:
Mm03413826.nH), osteopoitin (OPN) (SPP1: MmO00436767_m1),
bone sialoprotein (BSP) (IBSP: Mm00492555_,m1), alkaline phos-
phatase (Alpl: Mm00492555,m‘£) -1 (111b: Mm00434228_m1),
telomerase reverse transcriptase {Tert: Mm00436937_m1) and -

© actin (Mmg0607938-ra1) genes were purchased from Applied Bio-

systems (Carlsbad, CA). The primer sequences for TNF-¢ and IL-6
genes were as follows: TNF-o forward, 5'- tcttctcattcctvcttgtgg—?s
TNF-ox reverse, 5’-ggtctgogcmtagaact«a-3‘ {1-6 forward, 5'-gctac-
caaactggatataatcagga-¥, [L-6 reverse, 5'-ccaggtagetatggtactccagaa-
3. Corresponding proves were jurchased from Roche Applied
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Science (Basel, Switzerland) (Universal Probe Library: TNF-oi#48, 1L~

G6#6). Samples were incubated at 85 °C for 10 min for aninitial dena~
taration, followed by forty PCR cycles that consisted of denaturation
at 95 °C for 15 s and annealing/extension at 60 °C for 1 min. B-actin
gene was regarded as endogenous standard and normalization was
calculated using RQ software. All experiments were performed in
triplicate.

2.8 ELISA

The concentration of 1L~10 was measured using Mouse IL-10
Ready SET Go ELISA kit (eBioscience) according to the manufac-
turer's instruction.

2.9. Induction of osteoclasts

Raw264.7 cells obtained from the RIKEN cell bank were plated
in 12=well plates at a density of 1 x 10* cellsjwell, and cultured
in a standard medium supplemented with or without 100 ng/mL
of RANKL (PeproTech, Rocky Hill, NJ). In some wells, culture super-
natants that had been harvested from MEFs, induced osteoblast-
like cells (i0OBs), and 1L-10-producing i0Bs (IL-10-i0Bs) were
added. The culture medium was replaced by a fresh one on day
3. Six days after the initiation of the culture, cells were subjected
to tartrate-resistant acid phosphatase (TRAP) staining using the
TRAP kit (Primary Cell, Sapporo, Japan). Briefly, the cells were fixed
with T0% neutral buffered formalin for § min, followed by incuba-
tion at 37°C for 1l in 50 mmol/L tetrate buffer containing sub-
strate. After washing with: distilled water, the TRAP-positive
multi-nuclear cells were regarded as mature osteoclasts.

2.10. Activation of peritoneal macrophages

6-8 week-old female Balbfc mice were intraperitoneally’
injected with 2 mL of thioglycolate medinm. Three days later, mice
were sacrificed and 5 mL of PBS was injected into the peritoneal
cavity. After gentle massage, the peritoneal exudate cells were
retrieved and seeded into 12-well plates at 1.5 % 10° cells per well.
After 2 h of culture, the floating cells were removed, and residual
adherent cells were cultured for 24 h in the presence of superna-
tants of MEFs, iOBs and IL-10-i0Bs. Cells: were then stimulated
with LPS (100 ng/mL)(Invitrogen, Carlsbad, CA) for 2 h.

2.11. Contact inhibition

$a0S2 cells and MEFs that had been transduced with Runx2 and
1L~10 genes were seeded in 60 mm culture dishes at a density of
1.5 x 10° cells/dish, and cultured for-15 days without trypsiniza-
tion and reseeding. Cell morphology was observed under phase-
Contrast mieroscopy.

2.12. Transplantation

Twenty-four hours after infection with the Runx2 andfor IL-10
retrovirus vectors, MEFs, 10Bs and IL-10-iOBs were seeded on
hydrogel scaffold (MedGel® SP; MedGEL, Tokyo, Japan] at a density
of 3.5 x 10* cells/scaffold. After pre-culture for 2 days in osteo-
genic medium, the cells were subcutaneously transplanted into
the flank of 6-week-old female Balb/c mice. Four weeks later, the
graft was excised and cryosectioned. Mineralization status of the
specimens was estimated by Alizarin red staining and staining by
the von Kossa's method as above. To examine tumor formation,
1L-10-10Bs or MEFs that had been cultured in osteogenic medium
for 2 days were sibcutaneously inoculated into 7-week-old male
SCID/NOD mice with or without hydrogel scaffold at a dose of
either 3.5 x 10% or 3.0 % 10%/mouse.

2.13. Statistical Analysis

All the data were analyzed by Student’s unpaired f-test, and
p<0.05 was considered statistically significant.

3. Resaits

3.1. IL-10 gene transduction did not prevent Runx2-mediared
induction of osteoblast-like cells from fibroblasts

To generate IL-10-secreting osteoblast-like cells, we trans-
duced primary mouse embryomnic fibroblasts (MEFs) with Runx2
and TL-10 genes via retrovirus vectors, and analyzed the pheno-~
‘types of the resultant cells (IL-10-i0Bs) in comparison with those
of the osteoblast-like cells induced by transduction of Runx2
gene alone (i0Bs). The ALP staining indicated that both [L-10-
fOBs and iOBs showed high activities of ALP, an early stage
marKer of osteoblast differentiation, 10 days after the gene trans-
duction (Fig. 1A, top). Alizarin red $ staining unveiled that the 1L~
10-i0Bs produced mineralized bone matrix as massively as i0Bs
on day 20, ‘whereas un-transduced MEFs failed to show any sig-
nificant staining (Fig. 1A, middle). Calculation of the Alizarin red
S-stained areas also demonstrated comparable degrees of calcifi-
cation in 1L-10-i0Bs and i0Bs cultures {data not shown). Staining
by ‘the von Kossa’s method also confirmed massive calcium
deposition by I-10-10Bs and i0Bs, but wot by MEFs (Fa. 14,
bottom). ‘

To further confirm the osteoblast-like characteristics of the
ceils, we examined expression of osteoblast marker genes 15 days
after the gene transfer {Fig. 1B). Quantitative RT-PCR analysis dem-
onstrated-that IL-10-10Bs expressed shmilarorevenhigher levels of
mRNA for the osteocalcin (OCN), ostecpontin (OPN), bone stalopro-
tein (BSP) and ALP genes as iOBs.

These data strongly suggested that 1L-10 gene transfer did not
hamper osteoblast-like phenotypic conversion of MEFs.

3.2. IL-10-i0Bs produced 1L-10 at a high level

To assess the 1L-10 production by IL-10-I0Bs, we performed
quantitative RT-PCR 15 days after the initiation of the osteoblast

* induction. The cells expressed a high level of [L-10 mRNA, which

was not the case with i0Bs and MEFs (Fig. 2A). We also harvested
the supernatants of the [L-10-i0Bs and measured 1L-10 concentra-

‘tions by ELISA, which showed robust 1L~10 secretion from the cells
-on.days 1 and 2 (Fig. ZB).

Because 1L-10-i0Bs potentially contained heterogeneous pop-
ulations, further experiments were performed to clarify whether
the IL-10 was produced by :the cells with osteoblast-like
Fastnree  Invmuanofluaracrenre ~57‘.9§1‘xirtg of 11.10-10RBs. wac Der-
formed to ‘visualize OCN and 1L-10 on day 14. As shown in
Fig, 2C, OCN and IL-10 were co-localized in the same cells,
indicating that IL-10 was produced by the osteoblast-like
celis.

3.3. Conditioned medium of IL-10-i0Bs suppressed induction of
osteoclasts

To estimate whether the IL-10 secreted from IL-10-10Bs was
capable of inhibiting osteoclastogenesis, we collected the culture
supernatants of the [L-10-i0Bs, i0Bs and MEFs, and examined their
effect on the mouse macrophage cell line, Raw264.7, that was
induced to differentiate into osteoclasts by an addition of RANKL
124,71, Six days after the induction, a number of TRAP-stained mul-
tinuclear cells (MNCs) appeared in the cultures in which the super-
natant of MEFs or iOBs had been added (Fig. 3A). In contrast, the
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osteoclast-like cells were hardly detectable in the culture that had 34. Conditioned medium of IL-10-i0Bs suppressed production of
received the supernatant of the IL-10-i0Bs. We counted the num- mﬂammatmy cytokmes by actwated’ maa‘ophages
ber of TRAP-positive MNCs in each group and confinned that an

addition of supernatant of IL-10-i0Bs significantly reduced the ‘We examined the effect of IL-10-i0B supernatant on cytokine
number of osteoclast-like cells induced from Raw264.7 cells production by activated macrophages. The thloclycoliate—ehcxted
(Fg. 4By ‘ peritoneal macrophages were cultured with supernatant of IL-10-
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i0Bs, i0Bs or MEFs, followed by stimulation with 100 ng/mL LPS.
2 hlater, mRNA levels for IL-1B, IL-6, TNF-ot and 1L~10 were evalu-
ated by real time RT-PCR. As shown in Fig. 4A, the supernatant of
1L-10-i0Bs significantly suppressed mRNA expression of IL-1-8,
IL-6 and TNF-o. Neither MEF nor iOB supernatants: significantly
affected the expression of the pro-inflammatory cytokines, except
that the supernatant of iOBs significantly enhanced IL-6 mRNA
expression. {n sharp contrast, the supernatant of IL-10-10Bs rather
elevated the expression of [L-10 mRNA by the LPS-stimulated
macrophages. ‘

These results strongly suggested that 1L-10-secreted from IL-10-
i0Bs suppressed production of the pro-inflammatory cytokines.

3.5. Significant bone formation in vivo by ectopically transplanted IL-
10-i0Bs

We tested whether the [L-10-i0OBs are capable of forming bone
in vivo, The 1L-10-i0Bs cultured on hydrogel scaffold were subcu-
taneously transplanted into the flank of the syngenic mice. After
4-weeks, hxstclocrxcal assessment of the graft was performed, and
the specimen was strongly stained with Alizarin red S '(Fiz. 4B,
lower middle). The bone formation was also confirmed by the posi-
‘tive staining by the von Koss’s method (Fig. 4B, lower right), while
the HE staining did not show any sign of inflarnmatory cell infiltra-
tion (Fig. 4B, lower left). Meanwhile, bone formation was totally
-absent in the tissue into which MEFs had been transplanted as a
control (Fig. 4B, upper).

Therefore, IL-10-i0Bs remarkably produced a mineralized bone
matrix in vivo after transplantation, suggesting applicability of the
cells to-novel cell therapy for RA.~

3.6. IL-10-10Bs lacked tumor-like characteristics

Finally, we examined whether 1L-10-10Bs exhibited tumor cell~
like features. In culture, IL-10-iOBs proliferated until they form a
confluent monolayer and subsequently underwent growth arrest
(Supslementary Fig. 14), This is in-sharp contrast tp 5a0S2 osteo-
sarcoma cells that showed loss of contact inhibition. The 1L-10-
iOBs expressed mRNA. for the telomerase reverse transcriptase
(TERT) gene at as low level as fibroblasts, whereas most tumor cells
highly expressed TERT (Supplementary Fig. 1B) {251

Tumorigenic potential of IL-10-i0Bs was assessed by subcuta-
neously inoculation into immune-~deficient mice. Tumor develop-
ment was not seen in. all the mice. Taken together, it was
strongly suggesting that the 1L-10-i0Bs did not have tumorigenic-
ity (Supplementary Table 51),

‘4. Discussion

In the present study, we proposed a novel therapeutic proce-
dure for RA based on the transplantation of genetically modified
osteablast-like cells. By transducing MEFs with the genes for osteo-
blast differentiation factor Runx2 and potent anti-inflammatory
cytokine 1L-10, the established I1L-10-i0Bs expressed osteablast
marker genes at high levels (Fig. 1B) and massively proeduced min-
eralized bone matrix both in vitro (Fig. 1A) and in vivo (Fig. 4B),
while [L-10 was also abundantly preduced by the osteocalcin-posi-
tive cells (Fig. 2), strongly suggesting that 1L-10 production did not
interfere with Runx2-miediated induction of the osteoblast-like
‘phenotypes. Previous reports indicated that administration of IL-
16 suppressed differentiation of osteoblasts through inhibition of
-the TGF-8 signaling {22], while TGF-g. signaling - contributes. to
osteoblast differentiation ‘by  inducing Runx2 expression {261
Therefore, exogenous Runx2 gene may have- substituted for the
endogenous Runx2 that was suppressed by 1L-10, resulting in res-
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toration of the I[L~10-mediated interference of osteoblast
differentiation. ‘ - -

The supernatant of [[~10-i0Bs significantly suppressed both
RANKL-mediated induction of osteoclasts from Raw264.7 (Fig: 3)
and production of inflammatory cytokines by LPS-activated macro-
phages (Fig. 4A). The anti-inflaimmatory and anti-osteoclast func-
tions of the 1l~10-i0Bs may cooperatively ameliorate the
inflammatory bone destruction at the joint lesions of RA patients,
if transplantation therapy using these cells is clinically applicable
to RA patients in the-future. An extremely high production of 1L~
10 may cause some adverse events such as immunosuppression.
To limit the serum level of IL-10 not to exceed the tolerable level,
patients may be transplanted with a mixture of IL-10-i0Bs and
i0Bs at an appropriate ratio.

The i0Bs may be quite adequate for the cell-based therapy for
RA, because a sufficient number of iOBs with high bone formation
caparity may be induced from patients’ own somatic cells. Fibro-
blasts may be particularly useful as the somatic cells to be induced
into iOBs; because they can be obtained from RA patients in a min-
imally invasive fashion and allowed to proliferate to a large num-
ber in culture before induction into osteoblast-like cells, Other cells
such as leukocytes may become an alternative for fibroblasts, but
this point should be examined in further studies, Although the
transduction of Rurx2 gene alone fails to induce osteoblast-like
phenotypic change in somatic cells of human origin, this problem
may be overcome by using some combinations. of genes instead
of Runx2 gene alone, and we have already established such a pro-
cedure (Yamamoto et al,, a manuscript submitted for publication).
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Abstract Magnetic resonance imaging (MRI) with maxi-
mum intensity projection (MIP) is used to evaluate the hand
in theumatoid arthritis (RA). MIP yields clear visualization of
synovitis over the entirety of the bilateral hands with a single
image. In this study, we assessed synovitis with MIP images,
clinical findings, and power Doppler (PD) findings to examine
the clinical usefulness of MIP images for RA in the hand.
Thirty RA patients were assessed for swelling and tenderness
in the joints included in the DAS28, and both contrast-
enhanced MRI for bilateral hands and ultrasonography for
bilateral wrist and metacarpophalangeal (MCP) joints were
performed. Articular synovitis was scored in MIP images, and
the scores were compared with those for PD. The agreement
on synovitis between MIP and conventional MR images was
excellent. Palpation showed low sensitivity and high specific-
ity compared with both MIP and PD images. There were joints
that were positive in MIP images only, but there were no joints
that were positive in PD images only. A statistically significant
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correlation between the scores of MIP and PD images was
found. Furthermore, the agreement between grade 2 on MIP
images and positive on PD images was 0.87 (x=0.73) for the
wrist and 0.92 (x=0.57) for MCP joints. Using MIP images
together with palpation makes detailed evaluation of synovitis
of the hand in RA easy. MIP images may predict further joint
damage, since they allow semiquantitative estimation of the
degree of thickening of the synovial membrane.

Keywords Hand - Magnetic resonance imaging - Maximum
intensity projection - Rheumatoid arthritis - Synovitis -
Ultrasonography

Introduction

The hand is the most common site of rheumatoid arthritis
(RA), therefore evaluation of arthritis at this site is important
for diagnosis and estimation of disease activity. Physical find-
ings and conventional radiographs have been used to evaluate
the hands in RA; however, more precise methods of evalua-
tion are now needed because of remarkable advances in RA
treatment in recent years [1, 2]. As new imaging methods,
magnetic resonance imaging (MRI) and joint ultrasonography
(US) are currently used in RA [3]. Synovial inflammation and
bone edema can be confirmed with contrast-enhanced MRI,
which is not possible with plain radiographs, and it can
confirm bone erosion at an earlier stage than plain radiographs
[3, 4]. The correlation between synovial membrane thickness
and joint destruction has been reported, and several methods
to quantify thickness with contrast-enhanced MR images have
been reported [5—8]. However, these methods take too long to
use during outpatient treatment because quantification in-
volves interpretation of numerous images.

@ Springer
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We have used contrast-enhanced MR images and the im-
ages processed with maximum intensity projection (MIP),
together with physical findings and plain radiographs, to
evaluate the hands in RA since 2002 [9]. MIP is a method of
image processing in which the brightest regions of different
slices are superimposed on each other to create a single three-
dimensional (3D) image [10-12]. MIP images of the hand in
RA provide clear visualization of synovitis and also enable
differentiation of articular synovitis and tenosynovitis anatom-
ically [13-15]. A single MIP image of the hands allows
observation of the whole of both hands, like plain radiographs.

For these reasons, synovitis can be diagnosed easily in MIP -

images; additionally, the distribution of synovitis is very im-
portant for diagnosing whether the synovitis is due to RA,
infection or other arthritis, because RA is a disease with
polyarthritis [9, 13]. The time required for interpretation is
less than 1/4 of that with regular contrast-enhanced MR im-
ages, and the diagnostic accuracy is equivalent to that with
regular images [14]. Clinically, to diagnose precisely and
efficiently, we first assess MIP images and then we check
conventional MR images with reference to the MIP images.
Incorporatmg MIP images in plcture archlve and communica-
tion systems (PACS) or other i image systems penmts easy
review of the synovitis and makes it easier for both physicians
and patients to understand the state of disease.

As well as MR images, we have recently been using US to
evaluate synovitis. In general, gray scale (GS) and power
Doppler (PD) images are recorded with US. PD-positive
synovitis, in particular, is important because the findings are
considered to indicate progressive joint destruction, even if the
patient is in clinical remission [8, 16-19]. In this study, we
compared MIP images, palpation findings, and PD findings of
synovitis to examine the clinical usefulness of MIP images for
evaluating the hands in RA. We also used a simple method to
score MIP images of synovitis in the hands in RA and com-
pared these scores with those from PD images to examine the
clinical significance of synovitis on MIP images.

Materials and methods
Patients

Thirty RA patients were included in the study. All patients
fulfilled the American Rheumatism Association 1987 criteria
for RA [20]. For future prospective studies, we selected pa-
tients who were not receiving biological agents or oral doses
of steroids. Tenderness and swelling in the 28 joints in the
disease activity score (DAS)28 [21] were recorded, and C-
reactive protein (CRP) levels were obtained; the DAS28-CRP
was then calculated from these data to evaluate disease activ-
ity in each patient. All patients were examined using both
MRI and US.

@ Springer

All patients gave informed consent, and the study was
approved by the local Research Ethics Committee of our
hospital.

MIP images

All MRI examinations of hands were performed in the supine
position using a 1.5-T clinical scanner (EXCELART Vantage
powered by Atlas; Toshiba, Japan), with the Atlas SPEEDER
16-channel phased array coil. Patients placed both hands on
the front of their thighs. Before obtaining the contrast-
enhanced fat-suppressed 3D T1-weighted images (T1WI),
we obtained non-contrast-enhanced STIR, TIWI, and T2WI
with coronal orientation. In all patients, an intravenous bolus
of 0.1 mmol gadoteridol/kg body weight (Prohance, Eisai,
Japan, Tokyo) was injected, and then, fat-suppressed
contrast-enhanced 3D gradient echo T1WI were started
acquisition within 3 min of injection of the contrast medium.
A fat-suppressed 3D gradient echo T1WI sequence was con-
ducted with the following parameters: repetition time/echo
time (TR/TE)=5.5/2.5 ms, number of acquisitions=1, slice
thickness=2 mm, field-of-view= 350x350 mm, acquisition
matrix=256x256, and acquisition time=approximately
3 min 40 s. The MIP images were post-processed from fat-
suppressed 3D gradient echo T1WI. In MIP images, each joint
(wrist, metacarpophalangeal [MCP] joint and proximal inter-
phalangeal [PIP] joint) was scored separately for the presence
of articular synovitis on a semiquantitative scale. Since there
are no previous reports of a scoring method, we used an
original scale from 0 to 2 (grade 0=no enhancement, grade
1=partial enhancement of the joint, grade 2=complete en-
hancement of the joint) (Fig. 1). We considered grade 1 or 2
to be positive for articular synovitis. Furthermore, we scored
articular synovitis with fat-suppressed contrast-enhanced 3D
gradient echo TIWI with reference to a previous report [14],
in order to compare with the MIP scores. Two orthopedic
surgeons spemahzmg in RA conducted scoring independently,
without reference to any other clinical information.

Power doppler images

US was performed on the wrist and MCP joints using a HI
VISION Avius (Hitachi Medical Corporation, Tokyo, Japan)
with a linear type (14—-6 MHz) probe. Patients were examined
while seated with the hand placed on a cushion and pronated.
The dorsal side of the hand was scanned in the longitudinal
plane. Radial images of the wrist were taken with Lister’s
tubercle and the second metacarpal bone as landmarks, medial
images of the wrist were taken around the center of the wrist,
and ulnar images of the wrist were taken with the head of the
ulna as the landmark. Images of the MCP joint were taken
around the center of each joint. We searched for the most
active area of inflammation near these landmarks. GS images
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Fig.1 A 67-year-old woman with RA. a Plain radiograph of the hands. b
MIP image of the hands. Synovitis grade 1 (arrows) and grade 2
(arrowheads). ¢ Contrast-enhanced fat-suppressed T1-weighted image
of the hands

with low echo regions within joints were considered to indi-
cate thickening of the synovial membrane. In PD images, the
presence of vascular signals was examined. When performing
PD evaluation, the receiver gain settings were controlled to
eliminate the appearance of artifacts on each joint. The PD
frequency was set at 7.5 MHz, and the pulse repetition fre-
quency was set between 800 Hz and 1,000 Hz, optimized for
US of rheumatoid hands by the manufacturer. For PD images,
each joint was scored on a semiquantitative scale with a score
of grade 1 or higher taken as positive (grade 0=no flow in the
synovium, grade 1=single vessel signals, grade 2=confluent
vessel signals in less than half of the area of the synovium,
grade 3=vessel signals in more than half of the area of the
synovium) [22]. Intensive training is required for adequate

assessment of rheumatoid hands [23, 24]. Therefore, all US
examinations were performed by the same orthopedic surgeon
who was trained in the examination of the small joints of
rheumatoid hands. Two other orthopedic surgeons specializ-
ing in RA scored the joints independently, with no reference to
any other clinical information.

Statistical analysis

The baseline characteristics of our study group are described
as mean values for continuous variables including standard
deviations. The agreement was estimated using the weighted
kappa statistic. A x value of 0—-0.40 denotes poor agreement,
0.41-0.60 moderate, 0.61-0.80 substantial, and 0.81 or higher
excellent agreement [20]. The correlation between two imag-
ing scores was estimated using Spearman’s rank correlation
coefficient test. To estimate the agreement between two im-
aging methods, final score decision was made after discussion
between the two examiners. Statistical analysis was performed
using the Ekuseru-Toukei 2012 software for Windows (Social
Survey Research Information Co., Ltd.,Tokyo, Japan).

Results

Our study included 25 women and 5 men. Their mean age was
61.5+9.5 years (range 38-81 years), and their mean disease
duration was 12.5+11.5 years (range 4 months-45 years).
Twenty-seven patients were being treated with methotrexate,
at a mean dose of 7.3£3.1 mg (range 2—14 mg). Steinbrocker
classifications were stage 1 for 6 patients, stage 2 for 11, stage
3 for 7, and stage 4 for 6, and class 1 for 13, class 2 for 13,
class 3 for 3, and class 4 for 1. The mean DAS28-CRP score
for the study group was 2.23+1.01 (range 0.96-5.37). There
were 18 patients in remission with DAS28-CRP scores of
lower than 2.3, 1 with low disease activity with a score of
2.3-2.7, 10 with moderate disease activity with scores of 2.7—
4.1, and 1 with high disease activity with a score of more than
4.1.

A total of 60 wrists and 300 MCP joints were evaluated
with clinical examination, MRI, and US. Three hundred PIP
joints (including 60 interphalangeal [IP] joints in the thumb)
were evaluated with clinical examination and MRIL
Interobserver agreement was excellent for MIP image scores,
conventional MRI scores, and PD image scores with a x value
of more than 0.81 at each joint area. There were statistically
significant correlations between the scores for MIP images
and conventional MR images for the wrist (r;=0.904,
P<0.001), MCP joints (r,=0.919, P<0.001), and PIP joints
(7s=0.930, P<0.001). Furthermore, the x value for synovitis
scores from MIP images and conventional MR images was
0.92 for the wrist, 0.88 for MCP joints, and 0.88 for PIP joints.
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Therefore, the agreement on synovitis scores between MIP
images and conventional MR images was excellent.

Synovitis was visualized on MIP images in 48 (wrist), 84
(MCP), and 59: (PIP) joints, whereas only 25 (wrist), 26
(MCP), and 10 (PIP) joints exhibited synovitis on clinical
assessment (swelling or tenderness) (Fig. 2). Using either
MIP or PD images as the reference, clinical examination
showed low sensitivity and high specificity in each joint area
(Table 1). Using MIP images as a reference, the sensitivity of
palpation was 0.52 for the wrist, 0.26 for MCP joints, and 0.12
for PIP joints; thus, the smaller the joint, the lower the sensi-
tivity of palpation (Table 1).

The number of joints positive on MIP images and PD
images is shown in Table 2. In PD images, 31 wrists and 23
MCP joints were positive for synovitis, all of which were also
positive in MIP images; there were joints that were positive in
MIP images only, but there were no joints that were positive in
PD images only (Table 2). There were statistically significant
correlations between the scores for MIP images and PD im-
ages for both wrists (,=0.701, P<0.001) and MCP joints (r=
0.518, P<O 001) The agreement on synovitis between MIP
and PD images was moderate at 0. 73 (k=0.44) for the wrist
and poor at 0.80 (x=0.35) for MCP joints. However, the
agreement between grade 2 on MIP images and positive on
PD images was substantial at 0.87 (k=0.73) for the wrist and
moderate at 0.92 (k=0.57) for MCP joints.

Discussion

Clinical findings are essential for evaluating disease activity,
but our results show that MIP imaging is more sensitive than
palpation in detecting synovitis. This finding is consistent
with previous studies regarding imaging of the joints in RA
[3,9,15, 21, 25-28]. It is also known that most RA patients
who satisfied the remission criteria with-normal findings on
clinical and laboratory studies had imaging-detected synovitis

100

80
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8
ooy 60 & MIP
B4 mMIP2
z’::’ EPD

B2
fd
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Fig. 2 Number of Jomts with synovitis as detected by clinical examina-
tion, MIP images, and PD images. N=60 (wrist), 300 (MCP), 300 (PIP).
CE, clinical examination; MIP, MIP grades 1 or 2; MIP2, MIP grade 2;

PD, power Doppler
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Table 1 Sensitivity and

specificity of clinical ex-  Joint Sensitivity * Specificity
amination for diagnosis . ,
of synovitis versus MIP . MIP PD MIP  PD
images and PDimages =~ -7 — -
S . Wrist 0.52 0.69 1.0 0.89
~MCP 026 057 098 095
PP 0% -

012" -~

that predicts subsequent joint damage [3, 28]. The high sen-
sitivity of MIP imaging in the wrist and MCP joints is not
surprising because thick palmar ligaments exist in the wrist,
and each joint exists side by side in MCP joints. It is striking
that the smaller the joints were, the less sensitive clinical
ﬁndmgs became, even though PIP jOIﬂtS could be examined
from all around the joint. :

Contrast-enhanced MRI s an lmagmg modahty for visual-
ization of the inflamed synovium in which there is increased
blood flow and increased capillary permeablhty [131,[29]. A
correlation between the thickness of the synovial membrane
detected with contrast—enhanced MRI and joint destruction
has been reported [5-7]. Seve1a1 assessments for synovitis
have been used, such as rheumatoid arthritis MRI score
(RAMRIS), which prov1des sem1quant1tat1ve assessments
[30—32], measuring the maximum enhanced thickness of the
synovium [6]; and the total volume of the synov1a1 membrane
calculated by summation of each slice [7]. All of these
methods take time, which makes them difficult to use in busy
outpatlent settmgs Our scormg of synovms in MIP images is
semiquantitative for detecting the volume of the synovial
membrane, since the MIP image is a superimposed single
3Di 1mage - This scoring is convenient and useful because we
can assess simply, using only a smgle image, and the interob-
server agreement is excellent However there may be draw-
backs with MIP images. Flrstly, hyperemla may imitate syno-
vitis, and secondly, the detaﬂed location of the affected ana-
tomical structure is restricted in MIP images. Therefore, we
must cross-check MIP images with reference to-conventional
MR images, although the agreement on synovitis between
MIP and conventional MR images was excellent.

us examma’uon is less expensive and more convenient for -
patlents than MRI and can be easily used for repeated exam-
inations. GS and PD images are recorded for the assessment of

Table 2 Number of joints pbsitive and negative on MIP images and PD
images

Joint  MIP(+) MIP(+) MIP(-) MIP(-)
PD(+) PD(+) PD(-) PD(-)
Wrist 31 16 0 13

MCP 23 61 0 216

MIP(+) positive on MIP image, MIP(~) negative on MIP image, PD(+)
positive on PD image, PD(—) negative on’PD image
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joint inflammation. Synovial hypertrophy is evaluated primar-
ily on GS images, while PD images are utilized to demonstrate
activity related to synovial hypertrophy [3, 33, 34]. The clin-
ical significance of GS findings remains disputed [15, 35], and
there is also the problem of interobserver agreement [22, 23]
(interobserver agreement of GS scores was moderate in this
study [data not shown]). The presence of microvascular blood
flow in synovial hypertrophy is interpreted as active synovitis
and predicts ongoing joint damage even in patients in clinical
remission {3, 8, 16, 17, 19, 28, 36, 37]. A high agreement
between PD and contrast-enhanced MRI findings of synovitis
has been reported [3, 38, 39]. In this study, a statistically
significant correlation between MIP and PD findings was
shown, and the agreement between grade 2 on MIP images
and positive on PD images was substantial for the wrist and
moderate for MCP joints. That is, intensive enhancement on
MIP images could be a risk factor for further joint damage.

Our results showed that all PD-positive joints were also
MIP-positive. We propose two reasons for this result. Firstly,
the sensitivity of MIP is so high that it includes inactive
synovial membrane thickness. It is not yet clear if there is a
level of MRI-detected synovitis below which patients will not
show progressive joint destruction [40]. Secondly, the sensi-
tivity of PD is too low. Several factors are known to influence
the sensitivity of detecting synovitis by GS and PD.
Equipment characteristics and resolution, as well as varying
parameter settings, affect sensitivity [34]. Recently, global US
scoring systems for synovitis in RA have been challenging to
use. Examining a large number of joints takes a considerable
amount of time [21, 23, 38]. The minimum number of joints
required to evaluate global disease activity is currently being
discussed [34]. Also, MRI provides a local, not global, esti-
mation of synovitis; therefore, MRI imaging cannot be used to
evaluate global disease activity. One advantage of MRI is that
MR images can be reread remotely at a later date; in contrast,
US cannot identify abnormalities that are overlooked and not
imaged at the time of the original examination. However,
increasing use of ultrasound video-loops and 3D ultrasound
may assist in this regard in the future [41].

One of the limitations of our study is that the PD images
were recorded using a machine widely used in Japan. More
sensitive PD signals may be observed using a very high-end
machine in the future. In addition to equipment-dependent
effects, operator-dependent factors, including factors affecting
both image acquisition and interpretation, have to be consid-
ered, although all US examinations in our study were per-
formed by a specialist trained in the US examination of
rheumatoid hands. Another limitation of this study is that
partial enhancement of the joint was graded as grade 1, and
complete enhancement of the joint was graded as grade
2, but prospective studies should be conducted to deter-
mine the clinical significance of this scoring system.
Furthermore, the significance of joints in which PD images

are negative and MIP images are positive must be also
clarified in a prospective study.

We conclude that using MIP images together with palpa-
tion, plain radiographs and conventional MR images allows
detailed and comprehensive evaluation of the hand in RA.
MIP images may predict ongoing joint damage, since they
permit easy semiquantitative evaluation of the degree of thick-
ening of the synovial membrane.

Disclosures None

References

1. Smolen JS, Landewe R, Breedveld FC, Dougados M, Emery P,
Gaujoux-Viala C, Gorter S, Knevel R, Nam J, Schoels M, Aletaha
D, Buch M, Gossec L, Huizinga T, Bijlsma JW, Burmester G, Combe
B, Cutolo M, Gabay C, Gomez-Reino J, Kouloumas M, Kvien TK,
Martin-Mola E, McInnes I, Pavelka K, van Riel P, Scholte M, Scott
DL, Sokka T, Valesini G, van Vollenhoven R, Winthrop K1, Wong J,
Zink A, van der Heijde D (2010) EULAR recommendations for the
management of rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs. Ann Rheum Dis 69:964-975

2. Smolen JS, Aletaha D, Bijlsma JW, Breedveld FC, Boumpas D,
Burmester G, Combe B, Cutolo M, de Wit M, Dougados M, Emery
P, Gibofsky A, Gomez-Reino JJ, Haraoui B, Kalden J, Keystone EC,
Kvien TK, McInnes I, Martin-Mola E, Montecucco C, Schoels M,
van der Heijde D (2010) Treating rheumatoid arthritis to target:
recommendations of an international task force. Ann Rheum Dis
69:631-637

3. Colebatch AN, Edwards CJ, Ostergaard M, van der Heijde D, Balint
PV, D’Agostino MA, Forslind K, Grassi W, Haavardsholm EA,
Haugeberg G, Jurik AG, Landewe RB, Naredo E, O’Connor PJ,
Ostendorf B, Potocki K, Schmidt WA, Smolen JS, Sokolovic S,
Watt I, Conaghan PG (2013) EULAR recommendations for the use
of imaging of the joints in the clinical management of rheumatoid
arthritis. Annals of the rheumatic diseases

4. Suter LG, Fraenkel L, Braithwaite RS (2011) Role of magnetic
resonance imaging in the diagnosis and prognosis of rheumatoid
arthritis. Arthritis Care Res 63:675-688

5. Boyesen P, Haavardsholm EA, Ostergaard M, van der Heijde D,
Sesseng S, Kvien TK (2011) MRI in early rheumatoid arthritis:
synovitis and bone marrow oedema are independent predictors of
subsequent radiographic progression. Ann Rheum Dis 70:428-433

6. Conaghan PG, O’Connor P, McGonagle D, Astin P, Wakefield RJ,
Gibbon WW, Quinn M, Karim Z, Green MJ, Proudman S, Isaacs J,
Emery P (2003) Elucidation of the relationship between synovitis and
bone damage: a randomized magnetic resonance imaging study of
individual joints in patients with early rheumatoid arthritis. Arthritis
Rheum 48:64-71

7. Ostergaard M, Hansen M, Stoltenberg M, Gideon P, Klarlund M,
Jensen KE, Lorenzen I (1999) Magnetic resonance imaging-
determined synovial membrane volume as a marker of disease activ-
ity and a predictor of progressive joint destruction in the wrists of
patients with rtheumatoid arthritis. Arthritis Rheum 42:918-929

8. Brown AK, Conaghan PG, Karim Z, Quinn MA, Ikeda K, Peterfy
CG, Hensor E, Wakefield RJ, O’Connor PJ, Emery P (2008) An
explanation for the apparent dissociation between clinical remission
and continued structural deterioration in rheumatoid arthritis.
Arthritis Rheum 58:2958-2967

é_) Springer

47



48

916

Clin Rheumatol (2014) 33:911-917

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mori G, Tokunaga D, Takahashi KA, Hojo T, Fujiwara H, Arai Y,
Taniguchi D, Takatori R, Imai K, Otakara E, Ito H, Nishimura T,
Kubo T (2008) Maximum intensity projection as a tool to diagnose
early rheumatoid arthritis. Mod Rheumatol Jpn RheumAssoc 18:
247-251

Okumura A, Watanabe Y, Dohke M, Ishimori T, Amoh Y, Oda K,
Dodo Y (1999) Contrast-enhanced three-dimensional MR
portography. Radxographlcs Rev Publ Radlol Soc North Am Inc
19:973-987

Aufort S, Charra L, Lesnik' A, Bruel JM, Taourel P (2005)
Multidetector CT of bowel obstruction: value of post-processing.
Eur Radiol 15:2323-2329

Ferencik M, Ropers D, Abbara S, Cury RC, Hoffmann U, Nieman K,
Brady TJ, Moselewski F, Daniel WG, Achenbach S (2007)
Diagnostic accuracy of image postprocessing methods for the detec-
tion of coronary artery stenoses by using multidetector CT.
Radiology 243:696-702

Navalho M, Resende C, Rodrigues AM, Ramos F, Gaspar A, Pereira
da Silva JA, Fonseca JE, Campos J, Canhao H (2012) Bilateral MR
imaging of the hand and wrist in early and very early inflammatory
arthritis: tenosynovitis is associated with progression to rheumatoid
arthritis. Radiology 264:823-833

Karlo C, Zanetti M, Stolzmann P, Steurer-Dober I, Brunner F, Hodler
J, Pfirrmann. CW (2011) Synovitis maps for the assessment of in-
flammatory diseases of the hand. Eur Radiol 21:1499-1508
Backhaus M, Kamradt T, Sandrock D, Loreck D, Fritz J, Wolf KJ,
Raber H, Hamm B, Burmester GR, Bollow M (1999) Arthritis of the
finger joints: a comprehensive approach comparing conventional
radiography, scintigraphy, ultrasound, and contrast-enhanced mag-
netic resonance imaging. Arthritis Rheum 42:1232-1245

Naredo E, Collado P, Cruz A, Palop MJ, Cabero F, Richi P, Carmona
L, Crespo M (2007) Longitudinal power Doppler ultrasonographic
assessment of joint inflammatory activity in early theumatoid arthri-
tis: predictive value in disease activity and radiologic progression.
Arthritis Rheum 57:116-124

Scire CA, Montecucco C, Codullo V, Epis O, Todoerti M, Caporali R
(2009) Ultrasonographic evaluation of joint involvement in early
rheumatoid arthritis in clinical remission: power Doppler signal pre-
dicts short-term relapse. Rheumatol (Oxford, England) 48:1092—
1097 .

Foltz V, Gandjbakhch F, Etchepare F, Rosenberg C, Tanguy ML,
Rozenberg S, Bourgeois P, Fautrel B (2012) Power Doppler ultra-
sound, but not low-field magnetic resonance imaging, predicts re-
lapse and radiographic disease progression in rheumatoid arthritis
patients with low levels of disease activity. Arthritis Rheum 64:67-76
Peluso G, Michelutti A, Bosello S, Gremese E, Tolusso B, Ferraccioli
G (2011) Clinical and ultrasonographic remission determines differ-
ent chances of relapse in early and long standing rheumatoid arthritis.
Ann Rheum Dis 70:172-175 )

Landis JR, Koch GG (1977) The measurement of observer agreement
for categorical data. Biometrics 33:159-174

Wakefield RJ, Green MJ, Marzo-Ortega H, Conaghan PG, Gibbon
WW, McGonagle D, Proudman S, Emery. P (2004) Should
oligoarthritis be reclassified? Ultrasound reveals a high prevalence
of subclinical disease. Ann Rheum Dis 63:382-385

Szkudlarek M, Court-Payen M, Jacobsen S, Klarlund M, Thomsen
HS, Ostergaard M (2003) Interobserver agreement in ultrasonogra-
phy of the finger and toe joints in rheumatoid arthritis. Arthritis
Rheum 48:955-962

D’Agostino MA, Maillefert JF, Said-Nahal R, Breban M, Ravaud P,
Dougados M (2004) Detection of small joint synovitis by ultraso-

‘nography: the learning curve of theumatologists. Ann Rheum Dis 63:

24.

1284-1287

Naredo E, Moller I, Moragues C, de Agustin JJ, Scheel AK, Grassi
W, de Miguel E, Backhaus M, Balint P, Bruyn GA, D’Agostino MA,
Filippucci E, lagnocco A, Kane D, Koski JM, Mayordomo L,

@ Springer

25.

26.

27.

28,

29.

30.

31

32.

33.

34.

36.

37.

Schmidt WA, Swen WA, Szkudlarek M, Terslev L, Torp-Pedersen
S, Uson J, Wakefield RJ, Werner C (2006) Interobserver reliability in
musculoskeletal ultrasonography: results from a “Teach the
Teachers” rheumatologist course. Ann Rheum Dis 65:14-19
Lindegaard H, Vallo J, Horslev-Petersen K, Junker P, Ostergaard M
(2001) Low field dedicated magnetic resonance imaging in untreated
rheumatoid arthritis of recent onset. Ann Rheum Dis 60:770-776
Szkudlarek M, Narvestad E, Klarlund M, Court-Payen M, Thomsen
HS, Ostergaard M (2004) Ultrasonography of the
metatarsophalangeal joints in rheumatoid arthritis: comparison with
magnetic resonance imaging, conventional radiography, and clinical
examination. Arthritis Rheum 50:2103-2112

Ostendorf B, Scherer A, Modder U, Schneider M (2004) Diagnostic
value of magnetic resonance imaging of the forefeet in early rheu-
matoid arthritis when findings on imaging of the
metacarpophalangeal joints of the hands remain normal. Arthritis
Rheum 50:2094-2102

Brown AK, Quinn MA,; Karim Z, Conaghan PG, Peterfy CG, Hensor
E, Wakefield RJ, O’Connor PJ, Emery P (2006) Presence of signif-
icant synovitis in rheumatoid arthritis patients with disease-
modifying antitheumatic drug-induced clinical remission: evidence
from an imaging study may explain structural progression. Arthritis
Rheum 54:3761-3773

Ostendorf B, Peters R, Dann P, Becker A, Scherer A, Wedekind F,
Friemann J, Schulitz KP, Modder U, Schneider M (2001) Magnetic
resonance imaging and miniarthroscopy of metacarpophalangeal
joints: sensitive detection of morphologic changes in rheumatoid
arthritis. Arthritis Rheum 44:2492-2502

Ostergaard M, Peterfy C, Conaghan P, McQueen F, Bird P, Ejbjerg B,
Shnier R, O’Connor P, Klarlund M, Emery P, Genant H, Lassere M,
Edmonds J (2003) OMERACT Rheumatoid Arthritis Magnetic
Resonance Imaging Studies. Core set of MRI acquisitions, joint
pathology definitions, and the OMERACT RA-MRI scoring system.
J Rheumatol 30:1385-1386

Conaghan P, Bird P, Ejbjerg B, O’Connor P, Peterfy C, McQueen F,
Lassere M, Emery P, Shnier R, Edmonds J, Ostergaard M (2005) The
EULAR-OMERACT rheumatoid arthritis MRI reference image at-
las: the metacarpophalangeal joints. Ann Rheum Dis 64(Suppl 1):
i11-i21

Ejbjerg B, McQueen F, Lassere M, Haavardsholm E, Conaghan P,
O’Connor P, Bird P, Peterfy C, Edmonds J, Szkudlarek M, Genant H,
Emery P, Ostergaard M (2005) The EULAR-OMERACT rheumatoid
arthritis MRI reference image atlas: the wrist joint. Ann Rheum Dis
64(Suppl 1):123-47 ‘
Walther M, Harms H, Krenn V, Radke S, Fachndrich TP, Gohlke F
(2001) Correlation of power Doppler sonography with vascularity of
the synovial tissue of the knee joint in patients with osteoarthritis and
rheumatoid arthritis. Arthritis Rheum 44:331-338

Mandl P, Naredo E, Wakefield RJ, Conaghan PG, D’Agostino MA
(2011) A systematic literature review analysis of ultrasound joint
count and scoring systems to assess synovitis in theumatoid arthritis
according to the OMERACT filter. J Rheumatol 38:2055-2062

. Szkudlarek M, Klarlund M, Narvestad E, Court-Payen M, Strandberg

C, Jensen KE, Thomsen HS, Ostergaard M (2006) Ultrasonography
of the metacarpophalangeal and proximal interphalangeal joints in
rheumatoid arthritis: a comparison with magnetic resonance imaging,
conventional radiography and clinical examination. Arthritis Res
Ther 8:R52 ’

Taylor PC, Steuer A, Gruber J, Cosgrove DO, Blomley MJ, Marsters
PA, Wagner CL, McClinton C, Maini RN (2004) Comparison of
ultrasonographic assessment of synovitis and joint vascularity with
radiographic evaluation in a randomized, placebo-controlled study of
infliximab therapy in early rheumatoid arthntls Arthritis Rheum 50:

1107-1116

Naredo E, Moller I, Cruz A, Carmona L, Garrido J (2008) Power
Doppler ultrasonographic monitoring of response to anti-tumor



Clin Rheumatol (2014) 33:911-917

917

38.

39.

necrosis factor therapy in patients with rheumatoid arthritis. Arthritis
Rheum 58:2248-2256

Terslev L, Torp-Pedersen S, Savnik A, von der Recke P, Qvistgaard
E, Danneskiold-Samsoe B, Bliddal H (2003) Doppler ultrasound and
magnetic resonance imaging of synovial inflammation of the hand in
rheumatoid arthritis: a comparative study. Arthritis Rheum 48:2434—
2441

Horikoshi M, Suzuki T, Sugihara M, Kondo Y, Tsuboi H, Uehara T,
Hama M, Takase K, Ohno S, Ishigatsubo Y, Yoshida Y, Sagawa A,
Ikeda K, Ota T, Matsumoto I, Ito S, Sumida T (2010) Comparison of
low-field dedicated extremity magnetic resonance imaging with

40.

41.

articular ultrasonography in patients with rheumatoid arthritis. Mod
Rheumatol Jpn Rheum Assoc 20:556-560

Conaghan PG, McQueen FM, Bird P, Peterfy CG, Haavardsholm
EA, Gandjbakhch F, Boyesen P, Coates L, Ejbjerg B, Eshed I, Foltz
V, Hermann KG, Freeston J, Lillegraven S, Lassere M, Wiell C,
Anandarajah A, Duer-Jensen A, O’Connor P, Genant HK, Emery P,
Ostergaard M (2011) Update on research and future directions of the
OMERACT MRI inflammatory arthritis group. J Rheumatol 38:
2031-2033

McNally EG (2008) Ultrasound of the small joints of the hands and
feet: current status. Skelet Radiol 37:99-113

@ Springer

49



SLPE R4 &



HE A E

K4 FRMAHE W
FEfkEE | ME EA | EEMEREAY EENERRE 7 ULY—EERE 65
B R | REREESE B - RLARE i
WE A WEAL 75U —Fb e
war BERYE [ESM MEERETAR i
A I | FRERAY ELRAHIH RS THESNM L
EA OB | SEREESHRERE BRAR H
AT
A FEFIERRY KERESAN REARERE s
A B | BENEEAY LRIEREE T ULAY—BERE ES
KH F=F BAA - A4 T A = RABFERT BREFEZ— LEHEE
ARE OB | ERMERAY BENEERE 7 ULE—BERN  SHETE
L BE | BESKRERE BER- U U<FR BE
SE B | REAL T T U BRI WE
A BT | BEkY E¥E ERHEESST BH
BoElA%E | HE ER | ERAY ESRATEF MRS THEM S
G RE | BEERKY ESROWES S THENM %Sk

ZERFEFRBREE B4R #dR

50



Iy e

il

b >
i .I..-.L..-.M: T
. . ks
e R
2

P

N e, v St e

A Y = b - : . o T . 8 T e g, g
a2 PR e Ak 5 SR Sl S e

B =
Side, e




