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2.6. Image Analysis

2.7. In Vitro
Migration Assay

2. SEW2871 (5 mg/kg; Cayman Chemical) dissolved in a vehicle

(PBS containing 5% acidified DMSO and 3% fatty acid-free
BSA) or vehicle (23).

- JTE013 (3 mg/kg; Tocris Bioscience) dissolved in a vehicle

(PBS containing 5% acidified DMSO and 3% fatty acid-free
BSA) or vehicle (7+4).

4. GST-RANKL (2 mg/kg, dissolved in PBS) (78).

N
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14.

15.

. 29- or 30-G insulin syringes (Becton Dickinson).
. An indwelling needle: a 30-G needle attached to PE-10 tubing

(Becton Dickinson).

. Imaging analysis software: Imaris (Bitplane) or Volocity

(PerkinElmer).

. After Effects (Adobe).

. EZ-TAXIScan (Effector Cell Institute, GE HealthCare; see

Note 10) containing “41 Glass,” a small O-shaped ring, an
EZ-TAXIScan chip, a rubber gasket, a holder base, wafer hous-
ing, a wafer clamp, a syringe guide, and a large O-shaped
ring.

. Sample loading tip attached to a plastic syringe (Becton

Dickinson).

. Microsyringe (10 pL; MS-E10MIC; Exmire).

. 25-mm Thermanox plastic coverslip (Nunc; see Note 11).

. Scissors and tweezers.

. Serum-free Dulbecco’s modified Eagle’s medium (DMEM).

. Serum-free alpha-minimum essential medium (aMEM) and

oMEM with 10% fetal calf serum (FCS), containing 1% peni-
cillin and streptomycin.,

PBS, pH 7 4.

. 0.02% EDTA in PBS.
10.
11.
12.

. Mouse recombinant macrophage colony-stimulating factor

Raw 264.7 cells (American Type Culture Collection, ATCC).
Male or female C57BL/6 mice (6-9 weeks old).
Syringe with 26-G needle.

(M-CSF; 100 ng/mL; PeproTech).

Chemoattractant: S1P (107, 1077, and 10 M; Enzo Life
Sciences), dissolved in a vehicle (DMEM,; see Note 12).

Image] software (National Institutes of Health, NIH),
equipped with an add-on program, MT Track J.
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3. Methods

3.1, Intravital
Two-Photon Imaging

3.2. In Vitro
Migration Assay

3.2.1. Bone Marrow-
Derived M-CSF-Dependent
Mononuclear Cells

3.2.2. Setting
of EZ-TAXIScan

. Start up the two-photon microscope and turn on the heater in

the environmental chamber (see Note 13).

- All the procedures on mice are performed under anesthesia

(see Note 14). Shave the hair and apply hair-removal lotion on
top of the mouse’s head (see Note 15). Cut the skin minimally
with iris scissors for insertion of the O-ring. Fix the O-ring on
the parictal bone with adhesive and petrolatum or difloil grease
(see Note 16), which prevents leakage of PBS and fills the
O-ring.

. Insert an indwelling needle into the tail vein to treat the mouse

with reagents during observation.

. Intravenously inject 100 puL of 2 mg/mL 70-kDa Texas Red-

conjugated dextran in PBS (see Note 17).

. Immobilize the mouse on the custom-made stereotactic holder

as tightly as possible to avoid drift owing to respiration and
pulsation (Fig. I; see Note 18).

. Focus on the bone marrow cavity at an appropriate depth and

look through ocular lenses with the help of a mercury lamp.
Change the light source from the mercury lamp to the
Ti-Sapphire laser and the optical path to the NDD. Set the
zoom ratio, z-positions, the interval time, and the duration
time using observation software attached to the microscope

(Fig. 2).

7. Inject 100 pL of each reagent per mouse.

- Analyze images by measuring cellular velocities, migration

lengths, and contact times using image processing and analysis
software.

- Harvest bone marrow cells from C57BL/6 mice by flushing

serum-free 0MEM medium using a 26-G syringe.

. Wash the harvested cells twice with aMEM containing FCS

and culture the cells in oMEM containing FCS and 100 ng/mL
M-CSF for 3 days.

. Wash cells once with PBS and treat them with 0.02% EDTA in

PBS.

- Collect suspended cells and culture them in ®MEM containing

FCS and 100 ng/mL M-CSF for another 3 days.

. Place “41 Glass” in holder base. Drop DMEM in the center of

the glass and place a coverslip over the liquid (see Note 19).
Wipe off excess fluid, making sure no air bubbles are trapped
between the glasses.
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Fig. 2. Osteoclast precursors visualized by intravital two-photon imaging. Murine parietal bone of heterozygous Cx,CR1-
EGFP knock-in mice is visualized. CX,CR1-EGFP-positive cells appear green in the bone marrow cavity. Collagen flbers in
bone are detected by second- harmomc generation (in blue) and the blood vessels are visualized by 70-kDa dextran-

conjugated Texas Red.

3.2.3. Alignment of Cells

jo—-—

- Place the small “O-shaped ring” on top of the wafer housing.

Gently close the inner lever and fix the wafer housing.

. Fill inside the wafer housing with 4 mL of DMEM.
4. Place the EZ-TAXIScan chip gently into the wafer housing

te]
(see Note 20), making sure no air bubbles are trapped. To

protect the chip, place the rubber gasket beneath the wafer
clamp. Place wafer clamp on wafer housing. Place the large
O-shaped ring upside of the wafer housing. Gently close the
outer lever (see Note 21).

. Place the assembled device on top of the preheated

EZ-TAXIScan microscope.

. Remove 1 mL of medium from the upper side of the holder.
. Add 1 pL of cells (Raw 264.7 cells or bone-marrow derived

M-CSF-dependent mononuclear cells) to the second chamber
using a microsyringe with a syringe guide.
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3.2.4. Analysis

of Chemotaxis

Fig. 3. Alignment of cells on one side of the EZ-TAXIScan chip before analysis. Before
analysis of cell migration, cells should be aligned in the chamber on one side.

3.

Remove 8-10 pL of medium from the third chamber using a
microsyringe.

4. Monitor alignment of the cells on one side (Fig. 3).

. Return the removed medium inside the holder.

. Begin image acquisition using 1-min intervals.
. Add 1 ml of the chemoattractant (S1P: 105, 10-7, and 10-8 M)

to the third chamber.

. Sequential image data are processed and migration speeds and

tracking distances are calculated using analysis software.

4. Notes

. The two-photon microscopy setup is also available from other

microscope manufacturers (Zeiss, Nikon, and Olympus).
Regarding objective lenses, higher NA and longer WD should
be desirable. Bone marrow can be observed through an
inverted microscope.

. A femtosecond-pulsed infrared laser is also available from

Coherent (Chameleon).

. The more channels the NDD has, the more colors can be

detected.
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4. As sufficient space is necessary to place a living mouse between

10.

11.

12.

13.

14.

15.

the objective lens and the stage, we replaced the normal stage
for the section with a customized one.

. Because temperature is a critical factor for cell mobility, a

decrease in body temperature of the animal must be prevented.
Thus, we set up an environmental chamber, which can enclose
the animal with the microscope stage and the objective lens.

. Global S1PRI deficiency causes embryonic lethally at ¢12.5 to

¢14.5 due to defective blood vessel development (79).

. Although S1PR2-deficient mice suffer from auditory impair-

ment due to vessel defects in the inner ear, they survive and
reproduce (25).

. The objective lens requires almost the same WD as that from

the species. Additionally, as the objective lens is water immers-
ible, the substance must be filled with the same refractive index
as water between species and the lens. The O-ring works both
as a spacer and a PBS reservoir.

. We used a red dye in this protocol because the target cells

express EGFP. If the target cells are red, dextran-conjugated
fluorescein isothiocyanate (FITC) can be used. Far-red dyes,
such as Qdot-650, can be an alternative if the NDD has a
channel that can detect long-wavelength signals. As blood
vessels inside the bone marrow cavity have relatively high
permeability, dextran with molecular weights over 70 kDa
should be used.

The EZ-TAXIscan is a visually accessible chemotactic chamber in
which one compartment containing ligand (for example, S1P of
various concentrations) and another compartment containing
cells are connected by a microchannel. A stable concentration gra-
dient of chemoattractant can be reproducibly formed and main-
tained through the channel without medium flow. Phase-contrast
images of migrating cells are acquired at 1-min intervals.

0.2 mm-thick cover slips coated with other reagents (such as
collagen and fibronectin) can also be used.

Stock solutions of S1T are difficult to make. To accomplish
this, S1P should be dissolved in BSA (4 mg/mL)-containing
buffers or in other organic solvents with sonication or gentle
warming (at 45-60°C).

It takes some time for the laser and the temperature to
stabilize.

All animals must be handled according to institutional and
national guidelines and regulations under an approved protocol.

Remove hair as much as possible to avoid hair coming into the
visual field because it produces strong background
autofluorescence.
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Avoid glue contamination of the visual fields: some glues can
produce autofluorescence.

With excretion of the dextran into urine, fluorescence fades
after several hours. If necessary, additional dosage of the dye
should be added.

Do not fasten too tightly because the animal can be hurt.

The coated side should be set upward.

The EZ-TAXIScan chip should be handled gently with tweezers.
To protect it from drying, place it in a liquid at all times. After
using, the EZ-TAXIScan chip should be sonicated and stored in
20-70% ethanol at room temperature. There are four types of
EZ-TAXIScan chips with depths of 4, 5, 6, and 8 um. The suit-
able size depends on the cell types. The 8-pm-depth chip should
be used for Raw 264.7 cells and 5-um-depth chip for bone mar-
row-derived M-CSF-dependent mononuclear cells.

Before setting up the assembled device, make sure no air bub-
bles remain inside the chamber. If air bubbles are present,
remove them with the sample-loading tip attached to the plas-
tic syringe.
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Abstract A prospective study was made to seek for a
convenient biomarker to predict progression of bone
destruction (PBD) in early stages of rheumatoid arthritis
(ERA). All participated patients had definite RA and their
radiographic stages were mild less than stage II of the
Steinbrocker classification, naive for treatment of any
DMARDs or corticosteroids. After the entry, they were
treated according to the 2002 ACR management guideline
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for RA. The candidate biomarkers (RF-IgM, RF-IgG,
CARF, ACPA, CRP, ESR, NTx, MMP-3, IL-6 and osteo-
pontin) were measured at the entry. PBD was assessed
radiographically by interval changes in the modified Sharp
scores (ASHS) for 24 months. The associations between
ASHS and baseline biomarkers were assessed statistically
by multivariate regression analyses. Both the baseline
ACPA and IL-6 levels correlated with PBD, suggesting
that they could predict PBD in ERA.

Keywords Rheumatoid arthritis - Bone/joint destruction -
Biomarker - Prediction - Anti-citrullinated peptide antibody
(ACPA) - Interleukin-6 (IL-6)

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune
disease of unknown origin characterized by chronic
destructive polyarthritis which leads to disability and
increased mortality. Although its etiology is unknown, the
disease is thought to develop through three main pro-
cesses such as autoimmunity, inflammation and sub-
sequent bone resorption. On the other hand recent
cumulative evidence suggests that early diagnosis and
therapeutic interventions at the early stages of RA are
important [!]. However, clinical course or prognosis of
RA is not uniform but various. Therefore, the individual
patient needs an optimal therapeutic strategy according to
their prognosis. In order for this, the individual clinical
course or prognosis should be predicted accurately.
Although several candidate predictive biomarkers have
been reported, none has been definite [2].

The aim of this prospective study was to seek for a
useful biomarker measurable in the blood samples to

@ Springer



Rheumatol Int

predict progression of bone destruction (PBD) in mild
radiographic stages of RA under the real clinical circum-
stances. The representative biomarkers were selected as a
candidate according to the main disease processes such as
autoimmunity, inflammation and bone resorption.

Materials and metheds
Subjects

This study has been approved by the Ethical Committee of
NHO Osaka Minami Medical Center and registered at the
Japan Pharmaceutical Information center (JAPIC), No.
Japic CTI-070480. Written informed consent was obtained
from every patient enrolled in this study. A total of 52
patients with RA (12 males and 40 females, average age
56.5 years) were enrolled in this study. All the patients
were fulfilled with the 1987 ACR classification criteria for
RA [3] and their radiographical stages were relatively mild
less than stage II of the Steinbrocker criteria []. They had
not been used either any disease modifying anti-rheumatic
drugs (DMARDs) or corticosteroids before the entry. After
the entry, they were treated according to the 2002 ACR
management guideline for RA [3]. At the endpoint (24 M),
more than 90 % of the patients was administered
DMARDs, (methotrexate, 76.5 %, 7.8 + 2.6 mg/week;
salicylazosulfapyridine, 19.1 %; leflunomide, tacrolimus
and buccilamine, <5 %), and 85.5 % of the patients
received a low dose of corticosteroids (prednisolone
4.7 £ 2.8 mg/day), and 10.6 % of the patients were treated
with biologics (infliximab, etanercept, tocilizumab).

Biomarkers

The candidate biomarkers were selected according to the
main disease processes such as autoimmunity, inflamma-
tion and bone resorption. They were measurable in blood
samples and previously suggested to be associated with
bone destruction in RA [6-1]. They included rheumatoid
factor-IgM (RF-IgM), RF-IgG, anti-agalactosyl IgG anti-
body (CARF) and anti-citrullinated peptide antibody
(ACPA) for autoimmunity, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), interleukin-6 (IL6)
for inflammation, type I collagen cross-linked N-telopep-
tide (NTx) and matrix metalloproteinase 3 (MMP3) for
bone resorption, and osteopontin (Op) for inflammation
and bone resorption. They were measured at the entry
according to the individual standard method. Anti-CCP2
antibody was measured using the DIASTAT™ Anti-CCP
kit (Axis-Shiled Diagnostics Limited, United Kingdom)
with the cutoff at 4.6 U/ml. IgM-RF was measured using
RF-the latex X1 fixation test (DenkaSeiken, Tokyo, Japan)

@ Springer

(cutoff value: 18 IU/ml). CARF was measured using the
Eitest CA-RF enzyme immunoassay (EIA) (Sanko Jun-
yaku, Tokyo, Japan) (cutoff value: 6.0 AU/ml). MMP-3
was measured using Panakuria MMP-3 plate for ELISA
(Daiichi Fine Chemical, Toyama, Japan) (cutoff value:
male 121 ng/ml, female 59.7 ng/ml). CRP was measured
using high sensitivity CRP-the latex fixation test (Denka
Seiken, Tokyo, Japan) (cutoff value: 0.3 mg/dl). TL-6 was
measured using a sandwich ELISA kit for human IL-6
(R&D Systems Inc, Minneapolis, USA) (cutoff value:
9.96 pg/ml). OPN was measured using a sandwich ELISA
kit for human OPN (Immuno-Biological Laboratories,
Gunma, Japan).

Assessment of radiographical progression of bone/joint
destruction (PBD)

The conventional radiographs of both hands and feet were
scored on joint space narrowing (JSN) and erosions
(E) according to the van der Heijde modified Sharp scores
(SHS) [12] at the entry of study (A) and 24 M later (B) by
two trained observers. PBD was assessed by subtracting
(A) from (B), defined as ASHS (ATSS, AE and AJISN).

Statistical analyses

All statistical analyses were undertaken using the statistical
package for JMP ver. 8.0 (SAS Institute, Tokyo, Japan).
Associations between biomarker levels and radiographic
progression (ASHS) were assessed by multivariate linear
regression analyses with variable step-wise (backward)
selection technique (cut-off p < 0.20). All tests were two-
sided and conducted at the 0.05 significant level.

Results

Correlations between the individual biomarkers
and radiographical progression (ASHS)

The correlations between the baseline individual biomarker
and radiographical progression were presented by Pear-
son’s correlation coefficients (Table 1).

Radiographic progressions (ASHS: ATSS, AE, AISN)
were strongly correlated with the individual baseline score
(TSS*, E*, JSN*). Significant correlations (p < 0.05) were
also noted in IL-6 and ESR for ATSS, in ACPA for AE and
in IL-6 and ESR for AJSN. Therefore, we decided that the
baseline SHS (TSS*, B*, and JSN*) was added but CARFE
was omitted for further statistical analyses to avoid multi-
collinearity because of the strong correlation (Il > 0.9)
with RF-IgM. ESR was also omitted because of missing
data.
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Table 1 Pearson ‘s correlation coefficients and p values

Objective variables

Explanatory variables

AE AJSN ATSS Age E* IJSN * TSS* RF-IgM RF-1gG
AE 1
AISN 0.4354 1
0.0013
ATSS 0.8174 0.8743 1
<0.0001 <0.0001
Age —0.0266 —0.0099 -0.0207 i
0.8515 0.9447 0.8845
E* 0.6358 0.3865 0.5900 0.0845 1
<0.0001 0.0047 <0.0001 0.5515
JSN* 0.4718 0.3821 0.4988 0.2436 0.6464 1
0.0004 0.0052 0.0002 0.0819 <0.0001
TSS* 0.6073 0.4234 0.5982 0.1838 0.9005 0.9139 )
<0.0001 0.0018 <0.0001 0.1922 <0.0001 <0.0001
RF-IgM 0.0053 —0.0370 —0.0205 —0.0367 -0.0725 -0.0152 —0.0475 I
0.9712 0.8010 0.8890 0.8024 0.6204 09174 0.7460
RF-1gG 0.2200 0.2474 0.2768 —0.1449 0.1515 -0.0076 0.0775 0.0244 I
0.1373 0.0936 0.0596 0.3311 0.3092 0.9597 0.6046 0.8736
CRP 0.0912 0.1698 0.1578 0.0773 0.0863 0.0277 0.0617 —0.0371 0.1415
0.5201 0.2287 0.2638 0.5861 0.5428 0.8456 0.6638 0.8004 0.3428
BSR 0.2833 0.5492 0.4801 0.1756 0.1611 0.1023 0.1407 -0.1506 0.2175
0.1441 0.0025 0.0097 0.3713 0.4128 0.6046 0.4751 0.4534 0.2858
MMP3 0.2003 ~-0.0207 0.0955 0.2420 0.4288 0.1315 0.3049 -~0.0688 0.0112
0.1771 0.8902 0.5231 0.1013 0.0026 0.3781 0.0372 0.6534 0.9406
NTx ~0.0963 -0.0269 ~0.0694 0.2730 —0.0109 —0.0964 —0.0598 -0.1142 0.0089
0.5197 0.8574 0.6431 0.0634 0.9420 0.5194 0.6898 0.4551 0.9529
IL-6 02078 0.4461 0.3969 0.0920 0.1697 0.1985 0.2037 -0.0915 0.2672
0.1520 0.0013 0.0047 0.5294 0.2438 0.1715 0.1603 0.5407 0.0760
ccp 0.3252 0.0405 0.2059 ~().1457 0.0506 0.1378 0.1039 0.0854 0.3844
0.0334 0.7966 0.1854 0.3511 0.7473 0.3781 0.5075 0.5909 0.0109
CARF ~0.0482 —0.0159 ~-0.0363 0.0863 —0.0578 0.1561 0.0562 0.9378 -0.0829
0.7476 0.9155 0.8087 0.5635 0.6995 0.2946 0.7077 <0.0001 0.5795
OPN ~0.0297 0.1298 0.0671 —0.1721 -0.122 -0.1172 -0.1371 0.1309 0.1421
0.8345 0.3590 0.6367 0.2224 0.3887 0.4080 0.3519 0.3702 0.3408
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Table 1 continued

Explanatory variables

CRP ESR MMP3 NTx 1L-6 cCp CARF OPN
AE
AJISN
ATSS
Age
E*
JSN*
TSS*
RF-IgM
RF-1gG
CRP 1
ESR 0.6462 |
0.0002
MMP3 0.0678 0.2626 1
0.6505 0.1949
NTx 0.0604 0.3458 0.1213 !
0.6866 0.0836 0.4166
IL-6 0.1688 0.5170 0.1524 0.3622 1
0.2464 0.0081 0.3177 0.0145
CcCp ~0.1274 0.1804 —0.0986 ~-(.2524 -0.1390 1
0.4155 0.4102 0.5295 0.1025 0.3800
CARF ~-0.1090 —0.1523 —0.0427 -0.1382 ~0.1694 0.1963 i
0.4659 0.4576 0.7755 0.3541 0.2658 0.2071
OPN 0.2664 0.2633 -0.1070 0.1158 0.2981] —0.0968 —0.1686 I
0.0563 0.1759 0.4743 0.4381 0.0375 0.5367 0.2572

The correlations between the individual biomarker and radiographical progression were presented by Pearson’s correlation coefficients. Radiographic progression (ASHS: ATSS, AE, AISN) were strongly correlated with
the individual baseline score (TSS*, E*, JSN*). In addition, significant correlations (p < 0.05) were noted in IL-6 and ESR for ATSS, in ACPA for AE and in IL-6 and ESR for AJSN. The correlation between RF-IgM

and CARF was strong (Irl > 0.9)

Upper line: correlation coefficients; lower line: p values
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Assessment of associations between the baseline
biomarkers and ASHS by multivariate regression
analyses with step-wise selection

At the first step, multivariate regression analyses were
performed in all variables except ESR and CARF. Then,
the variables were deleted one by one (cutoff p < 0.2) and
the analyses were repeated. Finally, for ATSS, IL-6 and
ACPA as well as TSS* were selected. For AE, ACPA and
E*were selected. For AJSN, IL-6 and JSN* score were
selected. Then, the final analysis was performed using
these selected variables. As a result shown in Table 2, the
associations remained significant in IL-6 (p = 0.0091) as
well as in TSS* (p =0.0001) but not in ACPA
(p = 0.1176) for ATSS. For AE, ACPA showed significant
associations (p = 0.0129) as well as E* (p < 0.0001). For
AJSN, IL-6 still showed significant associations (p = 0.0039)
as well as JISN* (p = 0.0262).

Discussion

The aim of this prospective study was to seek for a useful
and convenient biomarker to predict PBD in mild

Table 2 Multivariate analysis with selected variables

Variable Regression p value
coefficient
(A) ATSS
TSS* 0.1819 0.0001
1IL-6 0.1358 0.0091
ACPA 0.0051 0.1176
(B) AE
E* 0.2298 <0.0001
ACPA 0.0044 0.0129
(C) AJSN
JSN* 0.1165 0.0262
IL-6 0.1010 0.0039

Associations between biomarkers levels and radiographic progression
(ASHS) were assessed by multivariate linear regression analyses with
variable step-wise (backward) selection technique. At the first step,
multivariate regression analyses were undertaken in all variables
except ESR and CARF. Then, the variables were deleted one by one
(cutoff p < 0.2) and the analyses were repeated. Finally, in ATSS, IL-
6 and ACPA as well as the baseline TSS (TSS#) were selected. In AE,
ACPA and the baseline E score (E*) were selected. In AJSN, IL-6 and
the baseline JSN score (JSN*) were selected. Then, the final analysis
was performed using these selected variables. The associations
remained significant for IL-6 (p = 0.0091) as well as the baseline
TSS (p = 0.0001) but not for ACPA (p = 0.1176) in ATSS. In AE,
ACPA showed significant associations (p = 0.0129) as well as the
baseline E score (p < 0.0001). In AJSN, IL-6 still showed significant
associations (p = 0.0039) as well as the baseline JSN score
(p = 0.0262). All tests were two-sided and conducted at the 0.05
significant level

radiographic stages of RA under the real clinical circum-
stances. The candidate biomarkers in this study were
selected by taking consideration into the main pathogenic
disease processes such as autoimmunity, inflammation and
bone resorption. There were two main findings. Firstly, the
baseline SHS (TSS*, E*, JSN*) significantly correlated
with PBD (ATSS, AE and AJSN). All patients enrolled in
this study had short disease duration (<2 years) and with
mild bone destruction (less than stage 1I of the Steinbrocker
classification). They still stayed at so-called “the Window
of Opportunity” stage. This strongly suggests and supports
the importance of earlier therapeutic interventions in RA as
emphasized in lots of previous clinical studies [1].

Secondly, among the candidate biomarkers, the baseline
serum ACPA titers and IL-6 levels showed significant asso-
ciations with PBD. It is not surprising that ACPA is a sig-
nificant predictor for PBD and their titer is important [ 7, { 2],
We also previously reported that the usefulness of prediction
for on-set of RA in undifferentiated polyarthritis [ 14]. These
seem to be reasonable because ACPA is categorized into a
biomarker for autoimmunity which is an earlier event in the
pathogenesis of RA compared to the other subsequent events
such as inflammation and tissue damages (bone/cartilage
resorption). Another reason is that ACPA is more specific for
autoimmunity in RA than other biomarkers such as RF-Igs
(RF-IgM and RF-IgG) [£, {:]. On the other hand, there have
been lots of supportive reports which suggest that MMP-3 is
useful for predicting PBD in RA [1(!], they were not signifi-
cantly associated with ASHS in this prospective study. The
reason for this discrepancy is not clear. However, this sug-
gests that MMP-3 might reflect on ongoing inflammation and
bone/cartilage destruction in the affected joints rather than
the trigger [15] because proinflammatory cytokines induce
MMPs, including MMP-3 [16].

In this study, we also showed IL-6 was a significant
predictor for PBD in early stages of RA. IL-6 is well
known as one of the major proinflammatory cytokines in
the pathogenesis of RA as well as TNF and IL-1 [17). In
addition, it has been revealed as an important therapeutic
target [{7]. In fact, recent clinical trials have shown an
outstanding efficacy of anti-IL-6 therapy in RA [i%].
Besides IL-6, other proinflammatory cytokines, such as
TNFo and IL-1, especially TNFe is interesting as a can-
didate marker as well as IL-6, because it is well known that
TNFe is one of the key cytokines in the pathogenesis of
RA, and TNF inhibitors are major biologics in the treat-
ment of RA. We tried to measure serum TNFu levels in the
RA patients by using a sandwich ELISA kit (QTA00B) for
human TNFo (R&D System Inc, Minneapolis, USA),
however, all of the serum TNFu levels of the patients were
within the range of the healthy volunteers (not detectable
~9.03 pg/ml). So, TNFu was not included as a candidate
marker in this study.

@ Springer
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On the other hand, as mentioned above, anti-cytokine
therapies especially using biologics is now well known like
a master of treatment of RA. However, they have some
critical concerns such as severe adverse effects and high
costs. In addition, we are not able to know which cytokine
is the most optimal target before the start of the treatment.
The finding suggests that the early stages of RA patients
showing high serum IL-6 levels might be good candidates
for anti-IL6 therapy. Another advantage of IL-6 is that it
reflects on the actual degree of inflammation and it can be
measured easily and accurately in sera. It also changes
more dynamically in sera compared to TNF and IL-1 [{¢].

In summary, both the baseline ACPA titers and serum IL-6
levels as well as the baseline SHS (TSS*, E*, ISN*) corre-
lated with PBD, suggesting that ACPA and serum IL-6 levels
have potentials for predicting PBD in early stages of RA and
earlier therapeutic intervention is also important.
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RANKL signaling and bone diseases.
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EANKL regulates oaﬁe-resorptive functions of mature osteoclasts in vivo. Here we show the latest da itz and
the detailed methodology of intravital imaging of bone tissues, and also discuss iis further application.

I = D> b : FOW—DMIETHZ., BH» ORI c8HE
RS (3 BBk R AR e 5 451l - BB 2 it B = M-CSF (macrophage colony-stimulat-
ZYEMIETH Y. [BWIY) &> Bk e % ing factor] = RANKL (receptor activator of

R RE REETOL T

CLINICAL CALCIUM Vel2i. No.§, 20iI

e
(V)
-
s
o
Pt



r
X
\“‘)
e
3
ol
N
o
I
ne
a8
-
I
(]

L
Sy
pres
=
\

$

Jg
EON
=

faDBmEL T ML 2 L CmIIL.
R DB Y HI RANKL 12 & - TEiEgC
e BELHT LT

ST A DT R SR L o0 figE

=i
R
]
e
=

0y
a4
=
-\
U\\

Pr
=5
i
2
o
Yofe
(

H»h%&momf-ﬁwmﬁ

__4
7
L 7/“9’5?){%7&’3"5

Zz (]“/%

iizhzmhﬁﬁﬁwﬂvzb

T L BR R L EE OIS RS
Ehﬁy~W~@Mf% 7 E5) w%w%m@%@
HEHOIANF—(Z2EOEE 2L o7 —H—
EE L AR L ZORIZ I L J b D B R S
RV A TN TRRE. L RTEHI LK
PEOESAFCLAGRI Sl i
ﬂmufiﬁ&m%ﬁﬁ5a(?m@ﬁﬁﬁﬁh
-

RSN - = i N Vo B2 -
FREBEICEZLE . BALD T LERIET. W
o 2, = - izjr T - 2 - — = - T
AT ESCRELZ I8 YRR B
) e & e B s

L —V 2R TR

200um PRATH L. Zofcd. Feld BE
TEER»SEHMIEZ T80~ 120um

R r v AOBEEEEHALT SHEEA

AT S o (F

1) . EBZE. MEL/I:7Y ZOHEEEOEES

MIoESLTVAHROE E0 A2 5T, WEH:
EEBEIHRREASER A L 720 s B L

| receptor activaior of nuciear factor- x Bligand (5
CSF @ macrophage colony-stimulating factor (7207
S1P  sphingosine-1-phosphate (274 D21 1) E8)

\~!

441182 CLINICAL CALCIU

Voi2l. Nodb. 20ii




Topics WEMED - U TE RANKL 2 TF L

B ==
e BRI DM ik
2w BE2H? DEEHIAE EE TR
= - % FOREER. B EM
g1 SEgRToOREs S C
AN 700y [ t

TA=T
WERREREEELERZRBEESIIS UL
T2 DEBEDSEET KT A »~y/¢05&

EAOOEEE. FeEX (Texas Red) 2HEaEt

A8

N

oy

[hes

:’j <

Yy

d"v

-
Foom
Ry

o"\ e
Z

o

<

s

Nk
i
A=)
S
Pand
=]
o\
- S
~
&
pu. -
>
o
2
e
=
o
ey
=

I

e

|
RS gt e ¥
]
=
i =

3
e
e
i
I
&t
o
'
>\§
=
=
B

|

FEATTER NS AR L CARLLT LS, e BT LT AL s¥rL, AR
ERESHEBETT. EROEBTIIINE —FISE TR E WSS L. 2B oMl
BIRTEE L, BEZERTD, DIEELAER, TOETT, BERIVE LT
. /7‘}L/\;a3.oi2~. == . 2! ‘i"‘ﬁéc'“>’sf£.ﬁ’aji‘i@ﬁf;.. I E AT SHTR

o o A A=Y PRHGAEILICEYD, RAREMN
(i B GEAT I S B S T B3 L T LA B A R MRS OB 6T I BB (8
el fote. BRAERNTED L5 R WAL T 2Dh, H3VEERNEL TL ok
ENTL B D) ZaEgT LDh) LREIBICFMTAEIENTEL LS
AR 4023 e, TIE s 0 ot

EZFEFRIA { A—22 7) ElEmEL T, &
BN TORBEEMEOBEL TR 2 2. RANKLIZE 2B M0 S RIEifH
T RCH YA, IS BRAR

‘%t&@@.

: ¢%“ﬁ”y?”rté@mﬁgﬁﬁﬁ S

ENREmREE

Lhn e
EE

MR EpRED T EIL
BCCE RN FEELER

Fov 7 D EAH AR T

?ﬁ%
= il

g
=1
ll

)

Z;;:i‘:f:;n

&
Go
iy
o

oy
[
v
L
—_
(03]
a2




Fs

55 RANKL 03 )L & BRE

B2 SHEBNACORRBEBBEOERZNIREY A-IT
HREEEREREIIS LTI RNBRBEDE G ATFREA
A=T (a), BREADMEREEIL. HREEX (Texas Red) Z#E
SERESFTFALSUEBRCEFRLTTRELT LD, BRIISHEE
ERT., BREECERNET > T DRABBEREIZIT. EBEHARL,
SEETEMIE LT REOMEE (b)) &, [BLhTIWT, 8RN%E
LTLVISUVRBEDMRRE () DO B EE 2 BENERYT 2.
(24 = JL/N\— 1 40 um) (NS—=7TT4 75 B58) (EEER

¥

SRR/
SRREERR

BIRNE LTLS
BRI E L TLVZD B ILRHR BET L=
BN =) ZiRE —

| RANKL | o

32 EARRICHTDIRARSMROSENADIIL

AEIEEHEEICIE, [BRNELTOVELREORE] &, (S SIZEEWLTNDREOMEE] =02

BENEETD. /-, RANKLISHESMRESLERET 20 TEC, BAL-BESHEIZEERL. &

BN ZRET DEEIELE DTS, (EZ e/
EMIAD S LB RET 27207 { . REL W e
MRS ERL, BN FRET2GE 8- DiF

T EBIEWMBELEZ-7 (EB3). A

78 (1184) CLINICAL CALCIUM Vol2l, Nod&. 20if




Topics WEMEDT X —

& RANKL S99+

EHEETH -7z, Ll SEBIHTo724
A= IR, vUAERER L2 BERE
TORAEEMEOBRILDEIESL ) 7L & 1 L
TEHETLILDNTEL D, S8 BRITEE
BORBRACHREZOBAEIC S THBAL
FEELVBEEEZLNE

P SEORE

HE

ABETE. +94REETHRILT 2 5 8iE
el

TlkhinL L E L i Fhb s

NBH. ENLERALT B

B L — RIS IL S WIS L
5474 A= FID L O
m¢%@§ﬁ@%r%E#¢@AE%%m%{ﬁ

1 A=20 FROMILICHEDHAT S,

o

RRBODSA TAA—2 0 TRDER

AT T 7 ﬁinlﬁxif\%ﬁﬁ

ﬁfWMLNQWM
ﬁWﬁWWT@%ommwﬁﬁ%mmﬁmkﬂﬁ
Mal® A A= 7920 ThHhhIE. IOBE
FET-F7THdH. FhiDEE
ﬁ%%ﬁﬁ‘ﬁw%ﬁﬂfwtm%fx~f;
EVAL- ST >

'm<?*<%iﬂ%kb

AT, 222 AESR - ABETOLE MR

o
=
je=ef
g
i
5
e
f=
A
>
£
8
&
Z

THEIROEELES DS

L&WL &uﬂ#ﬁz%@m,ﬁkb%f@
NTOMED T 2 Iafkl 24 A=Y 7%
ZCENEBIIE-TLELEDLNS. BZEH
By BEMECETMEC LA BREEED S
THEE»N T2, V2 EEtEn b L TEHN
B BB CSEEZHRALMEMBRORE - BRES
%uto”fgﬁﬁﬁfbfgﬁfﬁﬁﬁtﬁ%

I,
S
S
I
T
£
e

%Jﬁﬁﬂ%‘., 77 R e Al I 23 2 BE 1 % AfE
%ﬁunm—wﬁmuﬁp MR TFEY R T

IRl

et
o

o
R
Ty

Ishit M. Egen JG. Klauschen F. et al ' Sphin-
gosine- | -phosphate mobilizes osteoclast pre-
cursors and regulates bone homeostasis. Na-
e 458 (7237) 1 524-528 2008

Denk w. sirickler 1H D webh WWw T Two-photon
laser scanning fluorescence microscopy. Sci-
ence 248 (4951) @ 73-76, 1990,

Denl: W. Svohoda K Photon upmanship @ why
n*n_zi'iiphoton imaging is more
1-357. 1997

ﬁvWL@wﬁK;é

than & gimmick.
Neuron 18 (3) 35
[AE:E E * f

Folshii M. Qi H, et al:

cellular interaction dynamics in 3-D fluores-

uantifving

cence microscopy data. Nat Protocol 4 (9)
305-1312. 2009,
Ishii M. Kikuta J, Shimazu Y. et al @ Chemore-

pulsion by blood S1P regulaties osteoclast pre-

cursci mobilization and bone remodeling in

d
vivo, ] Exp Med 207 (13):2793-2798. 2010.

"{:
)

Cay
[N
&
[
L)




