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Abstract

Objectives To evaluate the safety and efficacy of re-
treatment with tocilizumab (TCZ) in patients who had
participated in the DREAM study (Drug free remission/low
disease activity after cessation of tocilizumab [Actemar]
monotherapy study) and had experienced loss of efficacy.
Methods Patients were retreated with TCZ or other dis-
ease modifying antirheumatic drugs (DMARDs). Disease
activity was measured using the 28-joint disease activity
score (DAS28) for 12 weeks.

Results A total of 164 eligible patients, including 161
who experienced loss of efficacy within 52 weeks of the
DREAM study, resumed treatment: 157 with TCZ and 7
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with DMARDs and/or infliximab. Of TCZ-treated patients,
88.5 % (139 patients) achieved DAS28 <2.6 within
12 weeks, whereas among patients treated with DMARDs
and/or infliximab only 14.3 % (1 patient) achieved DAS28
<2.6. Adverse events were observed in 70 TCZ-treated
patients (44.0 %), but no serious infusion reactions were
observed.

Conclusions Retreatment with TCZ was well-tolerated
and effective in patients who had responded to the pre-
ceding TCZ monotherapy but had experienced loss of
efficacy after cessation of TCZ.
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Introduction

Tocilizumab (TCZ) treatment frequently achieves remis-
sion in patients with rheumatoid arthritis (RA) as measured
by the 28-joint disease activity score (DAS28) [1-12]. We
have demonstrated in the DREAM study (Drug free
remission/low disease activity (LDA) after cessation of
TCZ [Actemra] monotherapy study) [13] that in some
cases the efficacy of TCZ is sustained for more than 1 year
after cessation of TCZ and without the use of other disease
modifying antirheumatic drugs (DMARDs). However, the
majority of patients experienced loss of efficacy, and
needed to restart treatment for RA. In this study we eval-
uate the safety and efficacy of TCZ retreatment at recur-
rence of disease activity after cessation of TCZ.

Methods
Patients

All patients who participated in the DREAM study and had
experienced loss of efficacy were enrolled. Criteria for loss
of efficacy in the DREAM study was defined as DAS28-
erythrocyte sedimentation rate (ESR) >3.2 at 2 consecutive
observations, initiation of additional RA treatments
including increase in oral corticosteroid dose, the patient’s
request for retreatment, or the treating physician judging
that retreatment was necessary.
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Study protocol

The study protocol was approved by the Ministry of
Health, Labour and Welfare of Japan and by the local
ethical committees. This study is registered with
http://clinicaltrials.gov  (NCT00661284). Patients were
treated with biologic DMARDs including TCZ and inflix-
imab (IFX), and/or conventional synthetic DMARDs
including methotrexate (MTX). If the patient received TCZ
retreatment, TCZ was administered intravenously (8 mg/
kg) every 4 weeks. Other biologic DMARDs and/or syn-
thetic DMARDs were administered based on the dosage
and regimen in the package insert. The concomitant use of
corticosteroids and non-steroidal anti-inflammatory drugs
was allowed during the study period.

Anti-tocilizumab antibodies

Serum anti-TCZ antibody levels were determined by
ELISA. Serum was added to the wells coated with 100 ul
of Fab fragment of TCZ (0.2 pg/ml) and incubated for 2 h.
After washing, biotin-conjugated TCZ was added and
developed with alkaline phosphatase conjugated to
streptavidin.

IgE-type anti-TCZ antibodies were also measured by
ELISA. In this case, whole TCZ was used because an
antigen coated each cup, and enzyme-linked anti-IgE
antibodies were used as second antibodies.
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Statistical analysis

Clinical response was measured by DAS28-ESR. Remis-
sion was defined, in accordance with the European League
Against Rheumatism (EULAR) definition, as DAS28 <2.6
[14]. The rates of remission under the new EULAR/
American College of Rheumatology (ACR) remission cri-
teria (Boolean definition) were also considered [15].
Adverse events (AEs) and serious adverse events (SAEs)
were tabulated after converting the verbatim event names
to MedDRA Ver. 8.0 System Organ Class (SOC) terms.

The factors contributing to the resumption of DAS28-
ESR remission after retreatment were estimated from uni-
variate and multivariate logistic regression analyses using
the following patient baseline data for this study: DAS28-
ESR, tender joint count (TJC), swollen joint count (SJC),
patient’s global assessment (Pt-GA), modified health
assessment questionnaire (MHAQ) score, serum C-reactive
protein (CRP) concentration, erythrocyte sedimentation
rate (ESR), serum IL-6 concentration, serum matrix
metalloproteinase (MMP)-3 concentration, and the dura-
tion of TCZ cessation. In the multivariate logistic analysis,
stepwise selection with a level of significance of 0.05 was
used for entry or removal of variables. Logistic regression
analysis was also conducted to analyse the relationship
between the TCZ treatment interval and development of
AEs during this study.

Results
Characteristics of patients

In total, 166 patients were enrolled and resumed treat-
ments. Of the patients who received TCZ retreatment, 2
were ineligible and were excluded from the analysis of
efficacy. The 164 remaining patients eligible for analysis of
efficacy included 161 patients who had experienced loss of
efficacy by week 52 of the DREAM study, and 3 patients
who had experienced loss of efficacy after completion of
the DREAM study (an interval of >1 year).

In the 164 eligible patients, 73 patients (44.5 %) resumed
treatment due to DAS28-ESR >3.2 at 2 consecutive visits,
66 patients (40.2 %) to investigator’s judgement, 11
patients (6.7 %) to patients’ request, and 14 patients (8.5 %)
to addition of RA treatments including increase in oral
corticosteroid dose. The major reason investigators judged
retreatment was necessary was a DAS28-ESR >3.2 score at
one visit in 55/66 patients (83.3 %). Four out of eleven
patients who requested treatment were also DAS28-ESR
>3.2. Therefore, 146/164 patients were DAS28-ESR >3.2
at the baseline of the RESTORE study (the mean DAS28-
ESR[95 %CI] was 4.6 [4.5-4.8]).

Mod Rheumatol, 2014; 24(1): 26-32

A total of 159 patients received at least 1 infusion of
TCZ (including 2 ineligible patients), and 7 patients
received other DMARD:s, including MTX, tacrolimus, and/
or IFX. In the TCZ-treated patients, 133 patients received
TCZ monotherapy and 26 received TCZ therapy in com-
bination with synthetic DMARDs (25 patients with MTX;
1 patient with salazosulfapyridine). The median treatment
interval between the last TCZ infusion and restarting the
TCZ treatment in this study was 13.1 weeks (min-max,
6.14-60.4 weeks). Corticosteroids were used concomi-
tantly in 57 of the patients treated with TCZ and in 4 of the
patients treated with other DMARDs. The median corti-
costeroid dose in TCZ-treated patients at baseline of this
RESTORE study was 3.0 mg/day, which was comparable
with the median dose in patients treated with other
DMARD:s (2.3 mg/day). Other baseline characteristics of
the patients who received TCZ were comparable with those
of patients treated with other DMARDs (Table 1).

Efficacy of TCZ retreatment

The mean (£SD) DAS28-ESR before initial treatment using
TCZ in the previous clinical studies (i.e. Japanese phase /I
open-label dose escalation study, a phase II double-blind
dose finding study, a phase III open-label randomized study
(SAMURAYD), a phase III double-blind study (SATORI), a
drug-drug interaction study, and a renal failure study) was
6.2 (£1.0) and improved with 12 weeks of TCZ treatment to
2.8 (£1.2). The mean (:SD) DAS28-ESR at the last
observation point of the previous TCZ treatment studies (i.e.,
baseline of the DREAM study) was 1.5 (£0.7) (Fig. 1a).

In this study, the mean (+=SD) DAS28-ESR in patients
who restarted TCZ treatment decreased from 4.4 (£1.1)
95 % CIL. 4.2-4.6) before restarting treatment to 1.8
(£0.8) (95 % CIL 1.6-1.9) after 12 weeks of treatment. In
contrast, the mean (+SD) DAS28-ESR in patients treated
with DMARDs and/or IFX was 4.2 (£1.1) (95 % CI:
3.2-5.2) before restarting treatment and 3.3 (£1.0) (95 %
CI: 2.5-4.2) after 12 weeks of treatment (Fig. 1a).

Of the TCZ-retreated patients, 95.5 % (150/157 patients,
95 % CI: 91.0-98.2 %) achieved DAS28-ESR <3.2 and
88.5 % (139/157 patients, 95 % CI: 82.5-93.1 %) achieved
DAS28-ESR <2.6 within 12 weeks as compared to only
28.6 % of the other DMARD-treated patients (2/7 patients,
95 % CI 3.7-71.0 %) achieving DAS28-ESR <3.2 and
14.3 % (1/7 patients, 95 % CI. 0.4-57.9 %) achieving
DAS28-ESR <2.6.

The percentage of TCZ-retreated patients who reached
DAS28-ESR <2.6 within 12 weeks in the TCZ mono-
therapy group (87.9 %, 116/132 patients, 95 % CI
81.1-92.9 %) was comparable to the percentage in the
TCZ plus synthetic DMARDs therapy group (92.0 %,
23/25 patients, 95 % CI: 74.0-99.0 %).
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Table 1 Demographic and clinical characteristics of patients at baseline of RESTORE study

Modern Rheumatology 29

No. of patients Total Patients treated Patients treated
with TCZ with other
DMARDs
166 159° 7
Age, years (median [range]) 57 (26-78) 56 (26-78) 65 (42-74)
Gender, female (%) 149 (89.8) 144 (90.6) 5(71.4)
Disease duration, years (median [range]) 7.8 (3.7-24.0) 7.7 (3.7-24.0) 8.6 (6.9-18.9)
No. (%) of patients using concomitant corticosteroids 61 (36.7) 57 (35.8) 4 (57.1)
Dose, mg/day (prednisolone equivalent) (median [range]) 3.0 (0.5-10.0) 3.0 (0.5-10.0) 2.3 (2.0-7.0)
DAS28-ESR (median [range]) 4.3 (0.8-7.8) 4.4 (0.8-7.8) 4.1 2.9-5.9)
(Mean =+ SD) 44411 44+ 1.1 42+ 1.1
Tender joint count (28-joint count) (median [range]) 3.0 (0-27) 3.0 (0-27) 3.0 (1-5)
(Mean = SD) 43443 44 £ 44 2.6+ 14
Swollen joint count (28-joint count) (median [range]) 2.0 (0-16) 2.0 (0-16) 2.0 (0-7)
(Mean =+ SD) 33 £ 3.1 33+32 2.4 422
CRP, mg/dl (median [range]) 0.8 (0.0-13.5) 0.9 (0.0-13.5) 0.8 (0.1-4.7)
(Mean 4 SD) 1.6 £ 2.1 1.6 & 2.1 124+ 1.6
ESR, mm/h (median [range]) 36 (2-115) 37 (2-115) 32 (16-113)
(Mean =+ SD) 41 + 24 40 £ 23 49 £ 39
MHAQ score (median [range]) 0.3 (0.0-2.1) 0.4 (0.0-2.1) 0.0 (0.0-0.8)
(Mean =+ SD) 0.5+0.5 0505 02£03
MMP-3, ng/ml (median [range]) 95 (34-800) 96 (34-800) 77 (44-319)
(Mean =+ SD) 167 + 167 169 + 169 129 + 112

DAS28 28-joint disease activity score, ESR erythrocyte sedimentation rate, CRP C-reactive protein, MHAQ modified health assessment ques-
tionnaire, MMP-3 matrix metalloproteinase-3, TCZ tocilizumab, DMARDs disease modifying antirheumatic drugs

# Two ineligible patients who did not meet the eligible criteria of DREAM study were included

The mean (+SD) tender joint count (TJC) in 28 joints in
TCZ-retreated patients improved from 4.4 (+4.4) before
restarting treatment to 0.8 (£1.6) after 12 weeks. The mean
(£SD) swollen joint count (SJC) in 28 joints also improved
from 3.3 (£3.2) to 0.8 (£1.6) (Fig. 1b). Moreover, 63.1 %
of patients (99/157) had no tender and/or swollen joints
after 12 weeks retreatment with TCZ (Fig. 1c). Under the
Boolean remission criteria, the remission rate by TCZ
treatment was 43.9 % (69/157 patients, 95 % CIL
36.0-52.1 %) at week 12 (Fig. 1d). The mean (£SD)
MMP-3 values in TCZ-retreated patients improved from
166.5 (£164.5) ng/ml at baseline in this study, i.e. prior to
TCZ retreatment, to 77.4 (£64.8) ng/ml at week 12. Uni-
variate logistic regression analysis showed the following
variables to be associated with the resumption of DAS28-
ESR remission: lower DAS28-ESR, lower TJIC, lower SJIC
and lower MHAQ at baseline. On the other hand, duration
of TCZ cessation in the DREAM study was not associated
with resumption of DAS28-ESR remission (Fig. 2). Mul-
tivariate logistic regression analysis showed that lower
DAS28-ESR at baseline was the contribution factor for
resumption efficacy.

At baseline, 17 patients had DAS28-ESR <3.2. Thus,
we further analysed efficacy in the 140 patients who had

DAS28-ESR >3.2 at the baseline (the mean DAS28-ESR
[95 % CI] was 4.6 [4.5-4.8]) and restarted TCZ in this
study. Out of these patients, 87.1 % (122/140 patients,
95 % CI: 80.4-92.2 %) achieved DAS28-ESR <2.6 and
42.9 % (60/140 patients, 95 % CI: 34.5-51.5 %) achieved
Boolean remission within 12 weeks. In addition, univariate
and multivariate logistic regression analysis also identified
lower DAS28-ESR value at baseline to be the factor con-
tributing the resumption of DAS28-ESR remission by 12
weeks of TCZ treatment in these patients. These results are
not significantly different from those including the patients
with DAS28-ESR < 3.2 at baseline.

Safety of TCZ retreatment

AEs were reported in 44.0 % (70/159) of the patients who
were retreated with TCZ and in 42.9 % (3/7) of the patients
treated with other DMARDSs. All AEs reported in the TCZ-
treated group were mild and tolerable relative to the benefit
provided. The incidence rate of AEs in the TCZ mono-
therapy group (42.9 %, 57/133 patients, 95 % CI:
34.3-51.7) was comparable to the incidence rate in the
TCZ plus synthetic DMARDs therapy group (50.0 %,
13/26 patients, 95 % CL: 29.9-70.1). There was no
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Fig. 1 Changes in DAS28-ESR, tender joint count, swollen joint
count, and Boolean remission rate after resumption of treatment.
a Mean (£SD) change in DAS28-ESR: from baseline of the initial
tocilizumab (TCZ) treatment to week 12 and last observation point of
the long-term extension studies (closed circles), and from the baseline
of this study to week 12 in patients retreated with TCZ (closed
squares) and in patients treated with other DMARDs (open circles).
Error bars show SD. b Mean (4-SD) tender joint count in 28 joints
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(closed circles), and mean (4+SD) swollen joint count in 28 joints in
TCZ-retreated patients (open circles). Error bars show SD. ¢ Propor-
tion of TCZ-retreated patients with no tender joints (solid bars) and
those with no swollen joints (open bars). d Remission rates under the
new EULAR/ACR remission criteria in the TCZ-retreated patients.
TJC tender joint count, SJC swollen joint count, LO last observation
point

OR 95% Cl

DAS28 046 (0.28 - 0.74 ) —
Tender Joint Count 0.96° {083 - 098 ) L 2
Swollen Joint Count 0.91 (079 - 1.03 ) -9
Patient’s Global Assessment 0.98 (096 - 1.00 )

ESR (mm/hr) 0.98 {0.96 - 1.00 )

CRP {mgfdL) 092 (075 -142 )

MHAQ .38 (016 - 0.95 ) o
{L-6 {pg/mL) 0.99 (098 - 1.00 }

MMP-3 {ng/mL) 1000 (1.00 - 1.00 )

Duration of TCZ cessation 180 {100 « 1.01 }

Fig. 2 Factors associated with resumption of DAS28-ESR remission
by 12 weeks of TCZ retreatment after cessation of TCZ therapy.
Factors contributing to the resumption of DAS28-ESR remission by
12 weeks of TCZ treatment were estimated by univariate and
multivariate logistic regression analyses. OR odds ratio, CI confidence

relationship between the development of AEs and the
duration of TCZ cessation in the DREAM study. Infections
were the most common AEs in the TCZ-treated group

L i 3 ¥

& 0.5 1 1.5 2

interval, DAS28 28-joint disease activity score, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, MHAQ modified health
assessment questionnaire, /L-6 interleukin 6, MMP-3 matrix metallo-
proteinase 3, TCZ tocilizumab

(27 patients, 17.0 %) (Table 2). None of the patients in this
study were positive for anti-TCZ IgE antibodies. Only
1 patient who discontinued TCZ treatment for 35 weeks
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Table 2 Adverse events observed after restarting TCZ treatment

Adverse event (SOC) No. patients
(%)

Total 70 (44.0)
Infections and infestations 27 (17.0)
Investigations 17 (10.7)
Gastrointestinal disorders 14 (8.8)
Skin and subcutaneous tissue disorders 12 (7.5)
Injury, poisoning and procedural complications 8 (5.0)
Respiratory, thoracic and mediastinal disorders 5@3.1
Nervous system disorders 3(1.9)
General disorders and administration site conditions 3(1.9)
Neoplasms benign, malignant and unspecified 2 (1.3)
Eye disorders 2 (1.3)
Vascular disorders 2 (1.3)
Musculoskeletal and connective tissue disorders 2 (1.3)
Blood and lymphatic system disorders 1 (0.6)
Immune system disorders 1 (0.6)
Ear and labyrinth disorders 1 (0.6)
Cardiac disorders 1 (0.6)
Reproductive system and breast disorders 1 (0.6)

SOC MedDRA Ver. 8.0 System Organ Class

became positive for anti-TCZ IgG antibodies 12 weeks
after restarting TCZ treatment, and no decrease in the
efficacy or any infusion reaction was observed in this
patient. Moreover, no serious allergic reactions were
reported in any patient.

One patient who discontinued TCZ treatment for
24 weeks experienced an infusion reaction 8 weeks after
restarting TCZ therapy. The reactions included eruption,
fatigue, and hypertension following the third infusion, but
were mild and transient and did not require any treatment.

Three SAEs (1.9 %) were reported during retreatment
with TCZ: appendicitis, wrist fracture, and chronic sinus-
itis. Causal relationships with TCZ were ruled out in the
wrist fracture and chronic sinusitis.

Discussion

This study demonstrated that retreatment with TCZ was
well-tolerated and effective in patients who had previously
withdrawn from TCZ treatment. None of the patients in
this study developed anti-TCZ IgE antibodies and only 1
patient tested positive for anti-TCZ IgG antibodies after
restarting the TCZ treatment. Moreover, no serious allergic
reactions were reported in any patient, including 3 patients
retreated with TCZ after a long-term interval of more than
1 year. Our results confirm the results reported by Sagawa
[16]. On the other hand, the development of serious
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infusion reactions was reported in patients who had
restarted IFX treatment after long-term cessation of IFX
[17]. This difference between TCZ and IFX can be
attributable to the fact that, whereas IFX is a chimeric
monoclonal antibody, TCZ is humanised, which reduces
the content of foreign protein and thus the potential for the
development of neutralising antibodies or IgE antibodies.

Regarding the efficacy of restarting TCZ at recurrence of
disease activity after the cessation of TCZ treatment, the
DAS28-ESR remission rate at 12 weeks after restarting
TCZ was 88.5 %, which is comparable to the remission rate
at the last observation point before cessation of initial TCZ
treatment in the DREAM study (90.4 %). This improve-
ment in DAS28-ESR was induced not only by improvement
in acute-phase reactions, but also by improvement in TJC
and SJC: over 60 % of the TCZ-retreated patients had
complete improvement in terms of TJC or SJC or both (TJC
or SIC or both was zero) within 12 weeks of treatment.
Moreover, the Boolean remission rate as newly recom-
mended by ACR/EULAR [15] reached 43.9 % (69/157
patients) at week 12. This value was extremely high.

The ACR/EULAR treatment recommendations state
that, in patients who achieve remission with biological
products, it may be possible to taper off the biological
product after tapering off the corticosteroid [18]. However,
in the majority of patients who discontinue treatment with
biologics, it is found that efficacy cannot be sustained
without use of the biologics and that disease activity may
increase [16, 19]. This fact indicates that after attempting
discontinuation of treatment with a biologic DMARD, it is
necessary to guarantee safety and the ability to resume
efficacy when restarting treatment with the same DMARD.
Our results clearly indicate that TCZ was well-tolerated
and effective in the patients who resumed TCZ treatment.

MMP-3 is deeply involved in cartilage destruction in
RA and is also correlated with disease activity [20]. Since
normalisation of the MMP-3 level is thought to reflect
inhibition of excessive cartilage and bone destruction in the
joints, normalisation of the MMP-3 level may indicate an
improvement in the underlying cause of RA as well as
synovial inflammation. In this study, we did not examine
the progression of joint damage by imaging after restarting
TCZ. However, since the MMP-3 levels were quickly
improved after TCZ retreatment, TCZ retreatment should
be considered to control disease activities and potentially
prevent joint destruction once disease activity increased
after the cessation of TCZ treatment. Further study of
changes in radiological progression will be necessary to
validate the modality of TCZ treatment investigated in the
DREAM/RESTORE studies.

In conclusion, our results indicate that TCZ retreatment
was effective and well tolerated in patients in whom disease
activity recurred after cessation of TCZ monotherapy. Our
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results also indicate that, together with the results of the
DREAM study, the treatment interval of TCZ can also be
adjusted flexibly without attenuation of efficacy.

Acknowledgments The authors wish to thank all members of the
MRA study group for RA for treating the patients. This study was
funded by Chugai Pharmaceutical Co. Ltd.

Conflict of interest N. Nishimoto has served as a consultant to and
received honoraria from Chugai Pharmaceutical Co. Ltd. NN also
works as a scientific advisor to F. Hoffmann-La Roche, which is
developing TCZ in collaboration with Chugai Pharmaceutical Co.
Ltd. NN also has received research grants from Chugai Pharmaceu-
tical Co. Ltd., Bristol-Myers Japan, and Pfizer Japan Inc. K. Amano
has received research grants from Chugai Pharmaceutical Co. Ltd.,
Astellas Pharm Inc., and Mitsubishi Tanabe Pharma. Y. Hirabayashi
has received speakers’ bureau honoraria from Chugai Pharmaceutical
Co. Ltd. M. Iwamoto has received royalties from Chugai Pharma-
ceutical Co. Ltd. H. Kohsaka has received research grants, consultant
fees, and/or speakers’ bureau honoraria from Bristol-Myers Japan,
Pfizer Japan Inc., and Takeda Pharmaceutical Co. Ltd. T. Mimura has
received research grants from Abbott Japan, Chugai Pharmaceutical
Co. Ltd., Mitsubishi Tanabe Pharma, and Takeda Pharmaceutical Co.
Ltd. T. Takeuchi has received research grants, consultant fees, and/or
speakers’ bureau honoraria from Abbott Japan, Bristol-Myers Squibb,
Chugai Pharmaceutical Co. Ltd., Eisai Co. Ltd., Janssen Pharma-
ceutical KK, Mitsubishi Tanabe Pharma, Novartis, Pfizer Japan Inc.,
and Takeda Pharmaceutical Co. Ltd. S. Tohma has received a
research grant from Pfizer Japan Inc. and has received subsidies or
donations from the Health and Labour Sciences Research Grants for
Research on Allergic Disease and Immunology and from Chugai
Pharmaceutical Co. Ltd. N. Takagi is a full-time employee of Chugai
Pharmaceutical Co. Ltd. All other authors have declared no conflicts
of interest.

References

1. Choy EH, Isenberg DA, Garrood T, et al. Therapeutic benefit of
blocking interleukin-6 activity with an anti-interleukin 6 receptor
monoclonal antibody in rheumatoid arthritis: a randomized,
double-blind, placebo-controlled, dose-escalation trial. Arthr
Rheum. 2002;46:3143-50.

2. Nishimoto N, Yoshizaki K, Maeda K, et al. Toxicity, pharma-
cokinetics, and dose-finding study of repetitive treatment with the
humanized anti-interleukin 6 receptor antibody MRA in rheu-
matoid arthritis. Phase I/IT clinical study. J Rheumatol. 2003;30:
1426-35.

3. Nishimoto N, Yoshizaki K, Miyasaka N, et al. Treatment of
rheumatoid arthritis with humanized anti-interleukin-6 receptor
antibody: a multicenter, double-blind, placebo-controlled trial.
Arthr Rheum. 2004;50:1761-9.

4. Maini RN, Taylor PC, Szechinski J, et al. Double-blind ran-
domized controlled clinical trial of the interleukin-6 receptor
antagonist, tocilizumab, in European patients with rheumatoid
arthritis who had an incomplete response to methotrexate. Arthr
Rheum. 2006;54:2817-29.

5. Nishimoto N, Hashimoto J, Miyasaka N, et al. Study of active
controlled monotherapy used for rheumatoid arthritis, an IL-6
inhibitor (SAMURAI): evidence of clinical and radiographic
benefit from an X-ray reader-blinded randomised controlled trial
of tocilizaumab. Ann Rheum Dis. 2007;66:1162-7.

6. Smolen JS, Beaulieu A, Rubbert-Roth A, et al. Effect of inter-
leukin-6 receptor inhibition with tocilizumab in patients with

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mod Rheumatol, 2014; 24(1): 26-32

rheumatoid arthritis (OPTION study): a double-blind, placebo-
controlled, randomised trial. Lancet. 2008;371:987-97.

. Genovese MC, McKay ID, Nasonov EL, et al. Interleukin-6

receptor inhibition with tocilizumab reduces disease activity
in rheumatoid arthritis with inadequate response to disease-
modifying antirheumatic drugs: tocilizumab in combination with
traditional disease-modifying antirheumatic drug therapy study.
Arthr Rheum, 2008;58:2968--80.

. Emery P, Keystone E, Tony HP, et al. IL-6 receptor inhibition

with tocilizumab improves treatment outcomes in patients with
rheumatoid arthritis refractory to anti-tumour necrosis factor
biologicals: results from a 24-week multicentre randomised pla-
cebo-controlled trial. Ann Rheum Dis. 2008;67:1516-23.

. Nishimoto N, Miyasaka N, Yamamoto K, et al. Relationship

between serum IL-6 levels after tocilizumab treatment and clin-
ical remission in active rheumatoid arthritis (RA) patients
[abstract]. Ann Rheum Dis. 2008;67(Suppl 2):90.

Nishimoto N, Miyasaka N, Yamamoto K, et al. Study of active
controlled tocilizumab monotherapy for rheumatoid arthritis
patients with an inadequate response to methotrexate (SATORI):
significant reduction in disease activity and serum vascular
endothelial growth factor by IL-6 receptor inhibition therapy.
Mod Rheumatol. 2009;19:12-9.

Jones G, Sebba A, Gu J, et al. Comparison of tocilizumab
monotherapy versus methotrexate monotherapy in patients with
moderate to severe rheumatoid arthritis: the AMBITION study.
Ann Rheum Dis. 2010;69:88-96.

Kremer JM, Blanco R, Brzosko M, et al. Tocilizamab inhibits
structural joint damage in rheumatoid arthritis patients with
inadequate responses to methotrexate: results from the double-
blind treatment phase of a randomized placebo-controlled trial of
tocilizumab safety and prevention of structural joint damage at
one year. Arthr Rheum. 2011;63:609-21.

Nishimoto N, Amano K, Hirabayashi Y, et al. Drug free
REmission/low disease activity after cessation of tocilizumab
(Actemra) Monotherapy (DREAM) study. Mod Rheumatol.
2013. doi:10.1007/s10165-013-0894-z

Fransen J, Creemers MC, Van Riel PL. Remission in rheumatoid
arthritis: agreement of the disease activity score (DAS28) with
the ARA preliminary remission criteria. Rheumatology (Oxford).
2004;43:1252-5.

Felson DT, Smolen JS, Wells G, et al. American College of
Rheumatology/European League against Rheumatism provisional
definition of remission in rheumatoid arthritis for clinical trials.
Ann Rheum Dis. 2011;70:404-13.

Sagawa A. The efficacy and safety of reinstitution of tocilizumab
in patients with relapsed active rheumatoid arthritis after long-
term withdrawal of tocilizumab: retreatment of patients with
rheumatoid arthritis with novel anti-IL-6 receptor antibody after a
long-term interval following SAMURAL: the RONIN study. Mod
Rheumatol. 2011;21:352-8. doi:10.1007/s10165-011-0419-6.
Takeuchi T, Tatsuki Y, Nogami Y, et al. Postmarketing surveil-
lance of the safety profile of infliximab in 5000 Japanese patients
with rheumatoid arthritis. Ann Rheum Dis. 2008;67:189-94.
Smolen JS, Landewé R, Breedveld FC, et al. EULAR recom-
mendations for the management of rheumatoid arthritis with
synthetic and biological disease-modifying antirheumatic drugs.
Ann Rheum Dis. 2010;69:964-75.

Tanaka Y, Takeuchi T, Mimori T, et al. Discontinuation of inf-
liximab after attaining low disease activity in patients with
rheumatoid arthritis: RRR (remission induction by Remicade in
RA) study. Ann Rheum Dis. 2010;69:1286-91.

Ribbens C, Andre B, Jaspar JM, et al. Matrix metalloproteinase-3
serum levels are correlated with disease activity and predict
clinical response in rheumatoid arthritis. J Rheumatol. 2000;27:
888-93.

RIGHTS

26



. E

Biochermical and Biophysical Research Communications 448 (2014) 287-291

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

i

' ' R
ELS ER journal homepage: www.elsevier.com/locate/ybbrc

Allograft inflammatory factor-1 stimulates chemokine production
and induces chemotaxis in human peripheral blood mononuclear cells

Masatoshi Kadoya 2, Aihiro Yamamoto?, Masahide Hamaguchi?, Hiroshi Obayashi®, Katsura Mizushima ¢,
Mitsuhiro Ohta ¢, Takahiro Seno®¢, Ryo Oda?, Hiroyoshi Fujiwaraf, Masataka Kohno?, Yutaka Kawahito >*

3 inflammation and Immunology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyote, Japan

b Institute of Bio-Response Informatics, Kyoto, japan

¢ Department of Molecular Gastroenterology and Hepatology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, japan
9 Department of Medical Biochemistry, Kobe Pharmaceutical University, Kobe, Japan

¢ Departiment of Rheumatic Diseases and Jeint Function, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyota, Japan
pepartment of Orthopaedics, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan

ARTICLE INFO ABSTRACT

Article history:
Received 16 April 2614
Available online 4 May 2014

Allograft inflammatory factor-1 (AIF-1) is expressed by macrophages, fibroblasts, endothelial cells and
smocth muscie cells in immune-inflammatory disorders such as systemic sclerosis, rheumatoid arthritis
and several vasculopathies. However, its molecular function is not fully understood. In this study, we
examined gene expression profiles and induction of chemokines in monocytes treated with recombinant

Keywords: human AIF (rhAIF-1). Using the high-density oligonucleotide microarray technique, we compared mRNA
Allograft inflammatory factor-1 expression profiles of rhAIF-1-stimulated CD14* peripheral blood mononuclear cells (CD14* PBMCs)
‘ég"e';o taxis derived from healthy volunteers. We demonstrated upregulation of genes for several CC chemnokines such
MIP-le as CCL1, CCL2, CCL3, CCL7, and CCL20. Next, using ELISAs, we confirmed that rhAIF-1 promoted the

L6 secretion of CCL3/MIP-1¢ and IL-6 by CD14* PBMCs, whereas only small amounts of CCL1, CCL2/MCP-
1, CCL7/MCP-3 and CCL20/MIP-3o. were secreted. Conditioned media from rhAIF-1stimulated CD14*
PBMCs resuited in migration of PBMCs. These findings suggest that AIF-1, which induced chemokines
and enhanced chemotaxis of monocytes, may represent a molecular target for the therapy aof immune-
inflammatory disorders.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Allograft inflammatory factor-1 (AIF-1) is a cytokine that was
originally identified and cloned from rat heart allogeneic grafts
undergoing chronic transplant rejection [1]. AIF-1 is a 17 kDa,
interferon v-inducible, Ca®"-binding EF-hand protein that is
encoded within the major histocompatibility complex (MHC) class
IIl genomic region [1-3]. AIF-1 is thought to be involved in the reg-
ulation of cell cycle progression and cellular activation status {4].

Previously, it was reported that AIF-1 was highly upregulated in
varjous autoimmune diseases and inflammatory disorders such as
psoriasis, lichen planus, and systemic sclerosis. The main cell types
expressing AIF-1 in these affected skins are macrophages and Lan~
gerhans cells [5,6].

* Corresponding author. Address: Inflammmation and Immunclogy, Graduate
School of Medical Science, Kyoto Prefectural University of Medicine, 465, Kajii-
cho, Kawararmachi-Hirokoji, Kamigye-ku, Kyoto 602-8566, Japan. Fax: +81 75 252
3721.

E-mail address: kawahity@koto.kpu-m.ac,jp (Y. Kawahite).

http://dx.doi.org/10.1016/1.bbrc.2014.04.106
0006-291X/© 2014 Elsevier Inc. All rights reserved.

We recently showed that mice expressed AIF in infiltrating
mononuclear cells and fibroblasts in thickened skin of scleroder-
matous graft-vs.-host disease (GVHD) and in synovial tissues in
rheumatoid arthritis (RA). Recombinant human AIF-1 (rhAIF-1)
induced the proliferation of cultured synovial cells and the migra-
tion and proliferation of dermal fibroblasts [7]. Moreover, in
patients with RA, rhAIF-1 increased IL-6 production by synovial
fibroblasts and peripheral blood monocytes (PBMCs) and by der-
mal fibroblasts [8]. In addition, AIF-1 plays a role in the activation
of macrophages, T-lymphocytes and vascular smooth muscle celfs
(VSMCs), and endothelial cells that participate in atherogenesis
and the vascular response to injury (4,9,10].

Chernoldnes are small, chemoattractant cytokines that play key
roles in the accumulation of inflammatory cells at the site of
inflammation. Therefore, chemokines and chemokine receptors
are considered to be therapeutic targets in several chronic
inflammatory disorders such as RA [11]. The relationship between
AIF-1 and chiemokines is not clear. Recently, microarray techniques
have become available that allow characterization of the mRNA
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expression pattern of a large number of genes. In this study, using

the GeneChip system for comprehensive analysis, we identified the

specific gene expression profiles of CD'14" peripheral blood mono-
nuclear cells (CD14" PBMCs) stimulated by rhAIF-1. Then, we
examined cytokine production by ELISAs and their functions by
using cell migration assay.

2. Materials and methods
2.1. Preparation of recombinant human AIF-1 (thAIF-1)

Human AIF1 cDNA was amplified from human peripheral blood
lymphocyte cDNA (BD Bioscience Clontech, Palo Alto, CA) using
PCR. The forward and reverse primers were 5-GTG GAT CCA TGA
GCC AAA CCA GGG ATT T-3' (containing a BamHI site) and 5'-
CAC TCG AGT CAG ATA GGG CIT TCT TGG CT-3/ (containing a Xhol
site). The DNA fragment obtained was inserted in the BamHI/Xhol
sites of pGEX-4 (Amersham Biosciences, Piscataway, NJ) in frame.
To express AIF-1 as a glutathione S-transferase fusion protein,
the protein was purified with a glutathione-S-transferase purifica-
tion system (Amersham Biosciences) and affinity chromatography
with anti~rhiAIF-1113-12¢9 antibody.

To investigate the effect of AIF-1 on chemotaxis and cytokine
induction, rhAIF-1 was treated with Detoxi-Gel Endotoxin Remov-
ing Gel (Pierce, Rockford, IL, USA). Endotoxin detection was per-
formed using Limulus amoebocyte lysate analysis (Wako Pure
Chemical, Osaka, Japan) and treated AIF protein was confirmed to
contain less than 0.1 ng/pg of endotoxin.

2.2. Preparation of anti-human AlF-1s3.7; and AlF-11;2.129 antibodies

Two synthetic peptides that corresponded to residues 53-71
and 113-129 of human AlF-1 (AIF-153-71 and AlF-1y13.129, T@Spec-
tively) as deduced from the nucleotide sequence of the human
AIF1 gene, were obtained with an additional cysteine residue at
the N-terminus (Biologica, Nagoya, Japan). Following purification
by reverse phase high-performance liquid chromatography, the
synthetic peptide (purity > 90%) was coupled to keyhole limpet
hemocyanin with  N-(ge-maleimidocaproyloxy) succinimide
(Sigma~Aldrich). The carrier-conjugated peptide was then emulsi-
fied with Freund's complete adjuvant (Difco Laboratories, Detroit,
MI) and injected subcutaneously (0.5 mg/injection) into rabbits.
The rabbits were immunized six times at ten day intervals. Blood
samples were collected ten days after the last injection and the
specific antibody in the sera was purified using an AlF-1 peptide-
coupled cyanogen bromide-activated Sepharose affinity column.
The antibodies reacted with proteins from abdominal adipose tis-
sue and PBMCs that were identical in molecular size of purified
recombinant human AIF-1.

2.3. Isolation and stimulation of CD14* PBMCs

PBMCs were isolated from healthy volunteers (n=5; age:
34+ 2) using Ficoll-Paque density gradients (GE Healthcare Bio-
Sciences, Sweden). Human monocytes were purified from the cells

using the MACS (Miltenyi Biotec, Germany) system, a direct mag-

netic labeling technique using anti~human CD14 microbeads (Milt-
enyi Biotec, Germany), according to the manufacturer’s protocol
(Daiichi Pure Chemicals Japan).

All subjects in this study provided written informed consent to
participate. The study was approved by the Ethical Committee of
Kyoto Prefectural University of Medicine (Kyoto, Japan).
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24. Preparation of biotin-labeled complementary RNA (cRNA) and
hybridization to microarrays

CD14" PBMCs were seeded in 92-mm dishes at a concentration
of 2 x 10° cells/mL/dish in a volume of 10mL of serum-free
RPMI1640, then incubated with PBS or rhAIF-1 (100 ng/mL). After
incubation at 37 °C in a humidified atmosphere of 5% CO,/95% air
for 24 1, total RNA was extracted using a Qiagen RNeasy kit (Qia-
gen, Valencia, CA, USA). Preparation of cRNA and target hybridiza-
tion was performed according to the Affymetrix GeneChip®
technical protocol (Affymetrix, Santa Clara, CA, USA). Briefly, dou-
ble-stranded cDNA was prepared from 1 pg of total RNA using Life
Technologies Superscript Choice system (Life Technologies, Inc.,
Gaithersburg, MD, USA) and an oligo-(dT) 24 anchored 17 primer.
Biotinylated RNA was synthesized from the double-stranded cDNA
by in vitro transcription using 3/~-Amplification Reagents for IVT
Labeling (Affymetrix kit). Transcription products were purified
using a Qiagen RNeasy column (Qiagen). After biotinylation, the
in vitro transcription products were fragmented for 35 min at
94 °C in a buffer composed of 200 mmol/L Tris acetate (pH 8.1),
500 mmol/L potassium acetate and 150 mmol/L magnesium ace-
tate. Human Genome® U133 plus 2.0 (Affymetrix, Santa Clara,
CA, USA) was hybridized with the biotinylated products (0.05 pg/
uL per chip) for 16 h at 45 °C using the manufacturer’s hybridiza-
tion buffer. After washing the arrays, the hybridized RNA was
detected by staining with streptavidin-phycoerythrin SSPE, 0.01%
Tween-20, pH 7.6, 2 mg/mL acetylated BSA and 10 mg/mL strepta-
vidin-phycoerythrin (Molecular Probes, Carlsbad, CA, USA). Micro-
arrays were scanned using a specially designed confocal scanner
(GeneChip® Scanner 7G; Affymetrix).

2.5, Induction of IL-6, CCL1, CCL2/MCP-1, CCL3/MIP-1a, CCL7/MCP-3,
and CCL20 /MIP-3q, and production by CD14* PBMCs by thAIF-1

CD14" PBMCs from healthy volunteers (n=5) were incubated
with serum-free RPMI-1640 medium (Nissui Pharmaceutical) con-
taining zero, one, ten, or 100 ng/mkL of rhAIF-1 or 10 ng/ml of LPS
from Escherichia coli (Sigma-Aldrich, MO, USA). After incubation
at 37°C in a humidified atmosphere of 5% CO,/95% air for 24 h,
the culture supernatants were recovered and stored at —80 °C until
assay. IL-6, CCL1, CCL2/MCP-1, CCL3/MIP-1a, CCL7/MCP-3 and
CCL20/MIP-3¢t concentrations were measured using commercial
ELISA kits (I1-G and CCL2/MCP-1: eBioscience CA USA) (CCL1:
Antigenix America Inc., NY, USA) (CCL3/MIP-1a, CCL7/MCP-3, and
CCL20/MIP-3¢: R&D systems, MN, USA) according to the manufac-
turer’s instructions. The absorbance was measured with a micro-
plate reader (MPRA4, TOSHO, Tokyo, Japan).

3. Cell migration assays

We prepared culture supernatants of CD14" PBMCs (1 x 108/
mL, n=6) that had been incubated with serum-free RPMI-1640
medium (Nissui Pharmaceutical) with or without of 1, 10, or
100 ng/mL rhAIF-1. After incubation at 37 °C in a humidified atmo-
sphere of 5% C0,/95% air for 12 h, the culture supernatants were
harvested, stored at —80°C, and used as lower chamber liquids,
Then, we examined human PBMC migration induced by the culture
supernatants using cell culture inserts and (Control Cell Culture
Inserts in two 24-well plates, pore size 3.0 um, BD Bioscience,
USA). Human PBMC suspensions (5 x 10° cellsjmL) were placed
in the upper chamber (n = 6). Culture supernatants (400 uL) were
added to lower chambers filled with the culture supernatants as
mentioned above or CCL3/MIP-1o: (50ng/ml) in serum-free
RPMI-1640 medium. The chambers were placed in a 37 °C humid-
ified atmosphere of 5% CO, in air for 90 min. Migratory PBMCs



M. Kadoya et dl. /Biochemical and Biophysical Research Communications 448 (2014) 287291

extended protrusions towards chemoattractants and ultimately
passed through the pores of the polycarbonate membrane. We
assessed chemotactic response both by counting the number of
migratory PBMCs under the optical microscope and by Chemotac-
tic Index which was calculated by dividing the number of migrated
cells in each chamber by that in the chamber added CCL3/MIP-1¢
(50 ng/mLl).

3.1. Statistical analysis

Array data analysis was carried out using Affymetrix GeneChip
Operating Software (GCOS) version 1.4. GCOS analyzed image data
and computed an intensity value for each probe cell. Briefly, mis-
matched probes acted as specificity controls that allowed the
direct subtraction of both background and cross-hybridization
signals. To quantitatively determine RNA abundance, the average
difference values (i.e., gene expression levels) representing the
perfect match—mismatch for each gene-specific probe family was
calculated and the fold-changes in average difference values were
determined according to Affymetrix algorithms and procedures.
Hierarchical clustering analysis of the gene expression profiles of
118 genes was performed using GeneSpring software 7.3.1 (Agilent
Technologies, Inc., Santa Clara, CA, USA). The differences were
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analyzed by Wilcoxon signed-rank test in ELISA and by Mann-
Whitney U and Kruskal-Wallis tests in Cell migration assay.

4. Results

4.1. Upregulated genes following stimulation of CD14™ PBMC by rhAIF-
1

We compared mRNA expression profiles of monocytes with and
without rhAIF-1 stimulation, using CD14* PBMCs derived from five
healthy volunteers. We used the Human Genome U133 plus 2.0
array (Affymetrix), which contained about 55,000 probes. Compar-
ison of the gene expression levels from vehicle- and rhAIF-1-trea-
ted (D14 PBMCs enabled the identification of 10° genes
demonstrating greater than twofold alterations after AIF-1 stimu-
lation. Using hierarchical clustering analysis of the gene expression
profiles, we narrowed the expression of genes to 56 gene probe
sets in terms of “inflammatory diseases”. That probe set contained
several chemokines. They included major CC chemokine genes
such as CCL1, CCL2/MCP-1, CCL3/MiP-Ta, CCL7/MCP-3 and CCL20/
MIP-3¢.. Among them, CCL2/MCP-1, CCL7/MCP-3 and CCL20/MIP-3o
genes were strongly upregulated after rhAIF-1 stimulation (Fig. 1).

17278 % st
T1- HM?&

205088 _s_at
HIP1aR

Negative
control

L, Stimulated
by rhAIF-1(100ng/ml)

Fig. 1. Gene cluster analysis of peripheral blood CD14" mononuclear cells with and without rhAIF-1 stimulation. Starting with CD14" PBMCs stimulated by rhAIF-T (100 ngf
mL), we used hierarchical clustering analysis of the gene expression profiles of approximately 10,000 genes. We identified the expression of 58 genes associated with
“proinflammatory cytokines” (at left). The data were analyzed by applying a hierarchical-tree algorithm to the normalized intensities. Upregulated genes are indicated by red
shades and repressed genes by green. For one example, we picked up a region where gene expression was increased strongly after rhAIF-1 stimulation (at right). Among them,
genes for CC ¢chemokines such as CCL2/MCP-1, CCL3/MIP-1« and CCL7/MCP-3 were included in the region.
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4.2, IL-6 and chemokine secretion from CD14™ PBMCs after thAIF-1
stimulation

From the results of the mRNA expression profiles of CD14*
PBMCs stimulated by rhAIF-1 (n =5), we examined the expression
of IL-6, CCL1, CCL2/MCP-1, CCL3/MIP-1¢i, CCL7/MCP-3 and CCL20/
MIP-3a. proteins following rhAIF-1-stimulation. As shown in
Fig. 2, the concentrations of IL-6 and CCL3/MIP-1w in the culture
supernatant significantly increased after stimulation by human
TAIF-1 for 24 h (P < 0.05). Expression of CCL1, CCL2/MCP-1, CCL7/
MCP-3 and CCL20 /MIP-3 increased a very small amount (data
not shown).

4.3. PBMC migration induced by cultured media from rhAIF-1-
stimulated CD14* PBMCs

CD14" PBMCs were stimulated with rhAIF-1 (zero, one, ten, or
100 ng/mL) in RPMI, for 12 h. The supernatants were collected
and used for cell migration assays. PBMCs (n=6) were cultured
for 90 min, and were attracted by the rhAIF-1-stimulated culture
supernatant. The migrated cell counts were increased by culture

0 .......ﬁ . v .
NC ATF-1 ATF-1 AIF-1 LPS
Ing/ml 10ng/ml 100ng/ml 10ng/ml

supernatants from CD14" PBMCs stimulated with 100 ng/mL
rhAIF-1 compared to RPMI (P< 0,05, Fig. 3). There was no signifi-
cant difference in the number of the migratory cells between
100 ng/mL rhAIF-1 and 50 ng/mL CCL3/MIP-1c as reference con-
trol. We confirmed that culture supernatants from rhAIF-1 stimu-
lated CD14" PBMCs induced the chemotaxis of PBMCs (Table 1).

5. Discussion

In this study, we used a high density oligonucleotide microarray
technique for mRNA expression profiling of CD14% PBMCs to inves-
tigate the cellular response of PBMCs to rhAIF-1 stimulation. We
identified upregulated expression of several CC chemokine and
cytokine genes. They included CC chemokine genes such as CCLI,
CCLZ/MCP-1, CCL3/MIP-1et, CCL7/MCP-3 and CCL20/MIP-3c. Then,
we used ELISAs to confirm that rhAIF-1 promoted the secretion
of CCL3/MIP-1c. and IL-6 by CD14*" PBMCs. However, secretions
of CCL1, CCL2/MCP-1, CCL7/MCP-3 and CCL20/MIP-30. were at very
low levels. Finally, we demonstrated that the cultured media from
rhAIF-1-stimulated CD14* PBMCs enhanced migration of PBMCs.

B
CCL-3/MIP1-a
(pg/m1)

250 - *

200 1

150

100 1

50 1

0 - r 2
NC ATF-1  ATF-1  ATR- LPS
ing/ml 10ng/ml 100ng/ml 10ng/ml

Fig. 2. Induction of IL-6 (A) and CCL3{MIP-1e (B) secretion from CD14* PBMC stimulated by rhAIF-1, Human CD14" PBMC (i = 5) were stimulated with serum-free RPMI-1640
medium containing 0, 1, 10 or 100 ng/mL rhAIF-1 or 10 ng/ml of LPS. Concentrations of IL-6 and CCL3 in the supernatant were measured with an ELISA at 24 h. Each bar
represents the mean * SE, The difference was analyzed by Wilcoxon signed-rank test. (*P <0.05). NC: negative control,

A 150 - ns.
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NC AIF-1 AlF-1 AIF-1 CCL3
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Fig. 3. PBMC migration was stimulated by culture supernatants from cells treated with rhAIF-1. Culture supernatants were prepared from human €D14" PBMC (1= 6) that
had been incubated with serum-free RPMI-1640 medium with or without of 1, 10, or 100 ng/mL rhAIF-1 for 12 h. These culture supernatants or 50 ng/mL CCL3 were added to
lower chambers, and PBMCs were applied to the surface of the polycarbonate membranes at 5 x 10° cells/mL. Cell migration into the lower chamber significantly increased
with culture supernatants from human CD14" PEMC stimulated with 100 ng/mL of rhAIF-1 for 90 min. The difference was analyzed by Mann-Whitney U and Kruskal-Wallis
tests in Cell migration assay {*P < 0.05). The Y-axis indicates the number of cells that migrated into the lower chamber (A) and Chemotactic Index (B). On each box, the central
mark is the median, the edges of the box are the 25th and 75th percentiles. There was no significant difference in the number of the migratory cells between 100 ng/mL rhAIF-
1 and 50 ng/mL CCL3/MIP-1a as reference control. NC (normal control) indicates culture supernatants mcubated with serum-free RPMI-1640 medium containing no rhAIF-1.
#The index of NC is 1.0. The other medians were calculated as the rario on the basis of NC.
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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 ID AIF signal NC signal Ratio Gene title
206365_at 499.7 279 13.00 CCL-1
216598_s_at 1325.1 237.0 4,00 CCl-2
205114 5 at 47689.5 5122.8 9.19 CCL-3
204103_at 48797.1 6007.6 8.00 CCL-4
1405_i_at 1307 9.8 9.85 CcCL-5
208075_s_at 195.1 68.5 2.00 CCL-7
214038_at 753.5 2837 3.48 CCL-8
210133_at 26.5 548 037 CCL-11
216714_at 213.7 105.2 214 CCL-13
210380_s_at 31285 110.2 2599 CCL-14, CCL-15
207354 _at 1225 56.5 264 CCL-16
207900 at 37.2 40.1 0.71 CCL-17
32128_at 588.7 3344 2.14 CCL-18
210072_at 2372 3841 1.15 CCL-18
205476_at 7638.8 67.7 45,25 CCL-20
204606_at 92.6 416,7 022 CCL-21
207861 _at 153.0 124.2 123 CCL-22
210548_at 580.0 285 16.00 CCL-23
221463 _at 5081.68 6949 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 2118 2134 132 CCL-27
224240 _s_at 3586 628.8 0.93 €CL-28

T celis that secrete AIF-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. che-
motaxis and proliferation as well as IL-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,
rhAJF-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-1ot
induced chemotaxis in monocytic cells by more than 1ng/mL
{14]. Actually, we applied CCL3/MIP-1a as reference control at
0.5, 5, 50, 150 ng/mL in PBMC migration, but the chemotaxis was

induced at a concentration of more than 50 ng/mL CCL3/MIP-1o -

{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
resuft, these secreted molecules could induce chiemotaxis of
PBMCs. CCL3/MIP-1ct is produced by a variety of immune cells such
as monocytes and macrophage, and orchestrates acute and chronic
inflarnmatory responses by recruiting proinflammatory cells [15].
CCL3/MIP-1¢x is considered one of the most important molecules
in RA pathology [11,16].

Chemokines 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
autocrinef/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
chemokines 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/MIiP-1ca 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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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 IL—!Oeprodu‘cing osteoblast-like cells are induced from patient
somatic cells and transplanted back into the destructive bone lesion, such therapy may promiote bone

Keywords: remodeling by the cooperative effects of IL-10 and osteoblasts. We transduced mouse fibroblasts with
Interleukin-10 genes for IL-10 and Runx2 that is a ¢rucial transcription factor for osteoblast differentiation. The IL-10-
%52;?::::{0“ producing indaced osteoblast-like cells {IL-10-i0Bs) strongly expressed ostecblast-specific genes and
Rheumatoid artliritis massively produced bone matrix that were mineralized by calcium phosphate in vitro and iz vivo. Cul-
Géne 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 mﬂammatory cytokine by macrophages, The 1L~
10-i0Bs may be applicable to novel cell-based therapy against bone destruction associated with RA.

' ’ © 2014 Elsevier Inc, All rights-reserved.

1. Introduction

Rheumatoid arthritis (RA) s 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 IL-1p, IL-6, and TNF-o that are secreted from activated T
cells and macrophages {11, These cytokines also provoke synovial |
fihrablasts.to nreduce RANKL whish subsegq ,Jaszt!y Induces osten-
clasts to cause destriction of cartilage and bone {2]. Monoclonal
antibodies and soluble receptors that block the pro—mﬁammatory

Abbreviations: RA, rheumatoid arthritis; 108s, induced osteoblast-like cells; 11~
10-i08s, IL-10-producing ‘induced osteoblast-like cells; OCN, osteocalcin: OPN,
osteopontin; BSP, bone sialoprotein; ALP, alkaline phosphatase:
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University of Medicine, Kamikyo, Kyoto 602-8568, Japan, Fax: +81 75 251 5331.
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0006-291X/% 2014 Elsevier Inc. All rights reserved.

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 current medication has tot succeeded in
healmg 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 destriicted bones without
causing undesirable adverse events.
1L-10 is a profound immunosuppressive cytokine produced by

w-w:rs-nhh‘:grrar T, /-q}lc and, rorf‘:nn ciﬂxtnt‘:‘ of B. rnllc cand. r’a‘ndﬁha

LRSI BT walisuall

cells (DCS} {8l Moreover, [L-10 remarkably prevents generation
of osteoclasts through the inhibition of NFATcl expression {7].
Therefore, IL-10 is regarded as a promising cytokine applicable to
anti-rheumatic therapy, due-to its powerful activities to suppress.
inflammation as well as osteoclastogenesis.

A number of reports indicated that systemic administration of
1L-10 may provide significant therapeutic benefit to animal models:
of experimental arthritis {8~10]. Moreover, IL-10 suppresses pro-
duction of inflamumatory cytokines such as IL-1f and TNF-u by
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synovial fluid macrophages of RA patients {11]. In previous 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 IL-10 at the joint
lesions ‘after systemic administration of the cytokine. Systemic
administration of 4 higher dase of IL-10 could potentially cause
cancer development, chronic infection, and Th2-dependent auto-
immune disorders that represent lupus-like symptoms [ 14]. There-
fore, local delivery of IL-10 to the inflammatory legions is desirable.
Some studies have shown that the cells genetically modified to
produce 1L-10 were effective in treating experimental arthritis in
animals [15,18], ,

Osteoblasts are crucially involved in bone formation and
remodeling through production of caicified bone ‘matrix. 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 in agteohlast dvfﬁarnqﬁahnp {‘g ;% and thig sart of ggchnalnay
may enable production of patient-specific, induced osteoblast-like
cells (i0Bs) that are suitable for transplantation therapy.

However, effect of IL-10 on osteoblast differentiation remains
controversial. IL~10 gene knockout mice showed loss of alveolar
bone and osteopenia-like phenotypes including bone mass reduc-
tion [18-20]. In contrast, van Vlasselaer et al. reported that admin-
istration of exogenous IL~10 inhibited the osteoblast differentiation
from mouse bone marrow cells through the miibition of TGF-1
[21,22].

in this context, we examined whether co-transduction of Runx2
and 1L-10 genes successfully induced mouse fibroblasts into IL-10-
producing osteoblast-like cells with capability to produce bone
matrix. We also tested whether the genetically modified cells
inhibited production of pro-inflammatory cytokines by activated
macrophages as well as induction of osteoclasts.

2. Materiais and methods
2.1. Cells

Mouse embryonic 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), 100 U/
mL pemmilm, 100 pg/mL streptomycin, and 10 mM non-essential
amino acids (standard medium). Raw264.7, A20, and Sa0S2 were
purchased from RIKEN cell bank (Tsukuba, japan) Yacl was main~
tained in our laboratory. SCC-7 was kindly gifted by Dr. Ova at the
Departmem of Therapeutic Radiology and Oncology, Kyoto Univer-
sity, Japan.

2.2. Retrovirus vectors

The ¢DNA fragments encoding mouse Rup2 and 1L-10 genes
were obtained from pFLCI-mouse Runx2 and pFLCI-mouse [L-10
plasmids (Danaform, Kanagawa, Japan), respectively, and inserted
into the pMX-puro with GeneArt Seamiless Cloning and Assembly
(Life Technologies, Carlsbad, CA). The resultant retrovirus vector
plasmids, pMX-mRunx2.purc and pMX-mIL10. PUro, were transfec-
ted into the Plat-E packaging cell ling with X-treine Gene 9 (Rochie
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 x 10*
per-well. On the next day, the retrovirus vector suspension was
supplemented with 4 pg/mL polybrene (Nacalai Tesque, Kyoto,
Iapan) and added to the cells, which were subsequently cultured
in the standard medium supplemented with 100 nM dexametha-
sone (Nacalai Tesque), 50 pg/mL L-ascorbic acid (Nacalai Tesque),
and 10 mM pB-glyceérophosphate (Tokyo Chernical Industry, Tokyo,
Japan)(osteogenic medium). The culture was continued for 2 to
4 weels, while the medium was changed every 2 days.

2.4. Alizarin red S staining and staining by von Kossa's method.

For Alizarin red S staining, cells were fixed with 95% ethanol for
10 min at room ternperature, After washing with distilled water,
cells were stained with Alizarin red S solution (Sigma~Aldrich, St.
Louis, MO) for 30-45 min, followed by another washing with dis-
tilled water. Stained area was calculated with Image] [23]. For

von Kossa staining, cells were fixed in 10% neutral buffered forma-
lxn Fnr TQmin at rggm t;gg-\:)erg_guya Aﬁ"nr 2 timeg w:chw}o‘ with
distilled: water, 5% silver nitrate solution (ScyTek Laboratories,
Logan, UT) was added to the cells, which were subsequently
exposed to ultra violet for 30-60 min. Culture dishes were rinsed
3 times with distilled water, and incubated with 5% sodium thio-
sulfate solution (ScyTek Laboratories) for 2 min.

2.5. Alkaline phosphatase (ALP) staining

ALP activity was determined by ALP staining using a Leukocyte
Alkaline Phosphatase Kit {Sigma-Aldrich) following the manufac-
ture’s instruction. Briefly, cells were fixed with 50% acetone/40%
citrate. After washing with deionized water, cells were stained
with a diazonium salt solution containing fast violet blue salt
and 4% of naphthol AS-MX phosphate alkaline solution for 1h

‘under protection from light.

2.6. Immunofluorescence staining

Cells were fixed with.4% paraformaldehyde at 4 °C for 30 mi,
followed by washing with 0.02% Tween-20/PBS. After blocking,
cells were washed and incubated with FITC-conjugated rat aniti-
mouse [L-10 (final conceéntration was 1:100) (eBisscience, San
Diego, CA) and CyS.5-conjugated rabbit anti-mouse osteocalcin
(OCN) (final concentration was 1:100) (Bioss, Woburn, MA) anti-
hodies. On the next day, cells were washed, and observed under
a fluorescence microscope.

2.7. Real time RT-PCR

Cells were homogenized in Isegen 2 (Nippongene, Tokyo, japan)
and total RNA was harvested by the phencl guanidinium acid-based
pracedure. After reverse transcnptxon using ReverTra Ace gPCR RT
Master Mix {TOYOBO, Osaka, Japan), cDNA served as template for
réal time PCR using Applied Biosystems 7300 Real-Time PCR System.
The primers and dye probe for osteocalcin (OCN) (Bglap:
Mm03413826_mH) osteopontm (OPN) (SPP1: Mm00436767_m1),
bone sialoprotein (BSP) (IBSP: Mmn00492555_m1), alkaline phos-
phatase (Alpl: Mm00492555_m1), [L-1B. (111b: Mim00434228_m1),
telomerase reverse transcriptase (Tert: Mm00436931_m1) and §-

- actin (MmO0B07939-m1) genes were purchased from Applied Bio-

systems. (Carlsbad, CA). The primer sequences for TNF-o; and 116
genes were as follows: TNF-o forward, 5'-tctictcattcctgettatge-3"
TNF-o1 Teverse, 5/-ggtctgggccatagaactga-3'; IL-6 forward, 5'-gctac-
caaactggatataatcagga-3', IL-6 reverse, S'-ccaggtagctatggtactccagaa-
3". Corresponding proves were purchased from Roche Applied
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Science (Basel, Switzerland) (Universal Probe Library: TNF-o#489, L~
G#6). Samples were incubated at 85 °C for 10 minfor an initial dena-
turation, followed by forty PCR cycles that consisted of denaturation
at 95 °C for15 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 perfonmed in
triplicate.

2.8 ELISA

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

2.8. 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* cells/well, and cultured
in 2 standard medinm cupplemented with or without 100 ngfmL
of RANKL (PeproTech, Rocky Hill, NJ). In some wells, culture super-
natants that had been harvested from MEFs, induced ostegblast-
like cells (jOBs), and IL-10-producing iOBs (IL-10-iOBs) 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 bufféred formalin for 5 min, followed by incuba-
tion at 37°C for 1 It in 50 mumol/L tetrate buffer containing sub-
strate, After washing with: distilled water, the TRAP-positive
muiti-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 medium. Three days later, mice
were sacrificed and 5 mlL 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, Carisbad, CA) for 2 h.
2.11. Contact inhibition:

5a0S2 cells and MEFs that had been transduced with Runx2-and
[L-10 genes were seeded in 60 mm culture dishes at a density of
1.5 x 10° cellsfdish, and cultured for 15 days without trypsiniza-
tion and reseeding. Cell morphology was. obsérved under phase-
conitrast microscopy. -

2.12. Transplantation

Twenty-four hours after infection with the Runx2 and/or IL~10
retrovirus vectors, MEFs, i0Bs and IL-10-i0Bs were seeded on
hydrogel scaffold (MedGel® SP; MedGEL, Tokyo, Japan) at a density
of 3.5 x 10% cellsfscaffold. 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 rnedium
for 2 days were subcutaneously 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 t-test, and
p<0.05 was considered statistically significant

3. Resuits

3.1. 11-10 gene transduction did not prevent Runx2-mediated
induction of osteoblast-like cells from fibroblasts

To generate IL-10-secreting osteoblast-like cells, we trans-
duced primary mouse embryonic fibroblasts (MEFs) with Runx2
and 1L-10 genes via retrovirus vectors, and analyzed the pheno~
types of the resultant cells (IL-10-10Bs) in comparison with these
of the osteoblast-like cells induced by transduction of Runx2
gene alone (iOBs). The ALP staining indicated that both 1L-10-
iOBs and i0Bs showed high activities of ALP, an eatly stage
marker of osteoblast differentiation, 10 days after the gene trans-
duction (Fig. 1A, top). Alizarin red § staining unveiled that the iL-
10-i0Bs produced mineralized bone matrix as massively as iOBs
on day 20, wherea$ wi-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 IL~10-i0Bs and {0Bs cultures {data not shown). Staining
by the von Kossa's method also confirmed massive calcium
deposition by M-10-10Bs and i0Bs, but not by MEFs [Fig, 14,
bottom). ,

To further confirm the osteoblast-like ¢haracteristics of the
cells, we examined expression of psteoblast marker genes 15 days
after the gene transfer (Fig. 1B). Quantitative RT-PCR analysis dem-
oristrated that 1L-10-10Bs expressed similar oreven higherlevels of
mRNA for the osteocalcin (OCN), osteopontin (OPN), bone sialopro-
teinn (BSP) and ALP zenes as i0Bs.

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

3.2.11-10-i0Bs produced IL-10 at g high level

To assess the IL-10 production’ by 1L-10-i0Bs, we petformed
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 10Bs and MEFs (Fig. 2A). We also harvested
the supernatants of the IL-10-10Bs and measured 1L-10 concentra-
tions by ELISA, ‘which showed robust 1-10 secretion from the cells
ondays 1 and 2 (Fig. 2B).

Because [L-10-i0Bs potentially contained heterogeneous pop-
ulations, further experiments weré performed to clarify whether
the IL-10 was produced by the cells with osteoblast-like
Featurag, iq’}muﬂaﬂnruncranre ci‘an-nﬁtr of .10.4i0Rg. wae. per-
formed to visualize OCN and IL-10 on day 14. As shown in
Fig. 2C, OCN and IL-10 were co-ocalized in the same cells,
indicating ‘that IL-10 was produced by the osteoblast-like
cells.

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

To estimate whether the 1L-10 secreted from [L-10-i0Bs was
capable of inhibiting osteoclastogenesis, we collected the culture
supernatants of the [L-10-iOBs, {0Bs 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
24,71, 8ix 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 i0Bs had been added (Fig. 3A). In contrast, the
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