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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

For the MRA study group for RA.
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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.

Keywords Interleukin 6 - Retreatment - Drug free -
Rheumatoid arthritis - Tocilizumab
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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 ex'perie"nced 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. o
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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 anu—mﬁalmnatory drugs
was allowed durmg the study period. -

Anti-tocilizumab antibodies

Serum anti-TCZ antibody levels were determined by
ELISA. Serum was added to the wells coated with 100 pl
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 conjuoated 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
AFEs 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 DMARDSs, 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
DMARDs (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/IT
open-label dose escalation study, a phase II double-blind
dose finding study, a phase III open-label randomized study
(SAMURAL), a phase HI 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 % CI. 4.2-4.6) before restarting treatment to 1.8
(£0.8) (95 % CI: 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
143 % (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) 44+ 1.1 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 4= SD) 43 443 44+ 4.4 26+ 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 24 £22
CRP, mg/dl (median [range]) 0.8 (0.0-13.5) 0.9 (0.0-13.5) 0.8 (0.1-4.7)
(Mean =+ SD) 1.6 +£ 2.1 1.6 £ 2.1 12+ 1.6
ESR, mm/h (median [range]) 36 (2-115) 37 (2-115) 32 (16-113)
(Mean = SD) 414+ 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) 05+0.5 0.5+ 05 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. Ic). Under the
Boolean remission criteria, the remission rate by TCZ
treatment was 43.9 % (69/157 patients, 95 % CI:
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 TIC, lower SIC
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 DASZVS—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 DMARDs. 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 % CI: 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 (4SD) tender joint count in 28 joints
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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
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Duration of TCZ cessation 100 {160 « 101 )

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

i i 3. H

g 6.5 1 1.5

interval, DAS28 28-joint disease activity score, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, MHAQ modified health
assessment questionnaire, IL-6 interleukin 6, MMP-3 matrix metallo-
proteinase 3, T7CZ 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 (1.5)
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

Modern Rheumatology . 31

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.
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Allograft inflammatory factor-1 (AIF-1) is expressed by macrophages, fibroblasts, endothelial cells and
smooth muscle cells in immune-inflammatory disorders such as systemic sclerosis, rtheumatoid arthritis
and several vasculopathies. However, its molecular function is pot fully understood. In this study, we
examined gene expression profiles and induction of chemokines in monocytes treated with recombinant
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human ATF (thAIF-1). Using the high-density oligonuclectide microarray technique, we compared mRNA
expression profiles of rhAIF-1-stimulated CD14* peripheral blood monenuclear cells (CD14* PBMCs)
derived from healthy volunteers. We demonstrated upregulation of genes for several CC chemokines such
as CCL1, CCL2, CCL3, CCL7, and CCL20, Next, using ELISAs, we confirmed that rhAIF-1 promoted the
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-3¢. were secreted. Conditioned media from rhAIF-istimulated CD14*
PBMCs resulted in migration of PBMCs. These findings suggest that AlF-1, which induced chemokines
and enhanced chemotaxis of monocytes, may represent a molecular target for the therapy of 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 y-inducible, Ca®*-binding EF-hand protein that is
encoded within the major histocompatibility complex (MHC) class
1l 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
various autoimmune diseases and inflamnmatory 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].
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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 cells
(VSMCs), and endothelial cells that participate in atherogenesis
and the vascular response to injury [4,9,10].

Chemokines 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 chemokines 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 CD14” 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 ( rhAIE~1 )

Human AIF1 ¢DNA was amplified from human peripheral blood
lymphocyte ¢<DNA (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'-
CACTCG 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~rhAIF-1113-129 antibody. )

To investigate the effect of AIF-1 on chemotaxis and cytokine
induction, thAIF-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 ngfpg of endotoxin.

2.2, Preparation of anti-human AlF-1s3.7; and AlF-1113.120 antibodies

Two synthetic peptides that corresponded to residues 53-71
and 113-129 of human AIF-1 (AlF-1s3-71 and AIF-1113.129, TeSpec-
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 kevhole limpet
hemocyanin with N-(s-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 mgfinjection) 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 AIF-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 volunteersy (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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2.4, Preparation of biotin-labeled complementary RNA (cRNA) and
hybridization to microarrays , I

- 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 ngfmL). After
incubation at 37 °C in a humidified atmosphere of 5% C05/95% air
for 24 h, 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 T7 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 Qlagen 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/
pL 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-3a, and production by CD14* PBMCs by rhAIF-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/mL of rhAIF-1 or 10 ng{mal of LPS
from Escherichia coli (Sigma-Aldrich, MO, USA). After incubation

‘at 37°C in a hurmidified atmosphere of 5% C0,/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-1c;, CCL7/MCP-3 and
CCL20/MIP-30. concentrations were measured using commercial
ELISA kits (IL-6 and CCL2/MCP-1: eBioscience CA USA) (CCL1:
Antigenix America Inc., NY, USA) (CCL3/MIP-1a, CCL7/MCP-3; and
CCL20/MIP-30: 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 superpatants of CD14" PBMCs (1 x 105/
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 supematants 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 pm, 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-lo: (50ng/ml) in serum-free
RPMI-1640 mediam. The chambers were placed in a 37 °C humid-
ified atmosphere of 5% CO in air for 90 min. Migratory PBMCs



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

extended protrusions towards chemoattractants and ultimately
passed through the pores of the polycarbonate membrane. We
assessed chernotactic 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-1c
(50 ng/ml).

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* PEMC by rhAIF-
1

‘We compared mRNA expression profiles of monocytes with and
without thAIF-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 CD14' 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-1¢, CCL7/MCP-3 and CCL20/
MIP-3¢.. Among them, CCL2/MCP-1, CCL7/MCP-3 and CCL20/MIP-3u
genes were strongly upregulated after rhAIF-1 stimulation (Fig. 1).
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Fig. 1. Gene cluster analysis of peripheral blood CD14" mononuclear cells with and without thAIF-1 stimulation, Starting with CD14* PBMCs stirnulated by rhAIF-1 (100 ng/
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-1a and CCL7/MCP-3 were included in the region.
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4.2, J1-6 and chemokine secretion from CD14* PBMCs after rhAIF-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¢;, CCL7/MCP-3 and CCL20/
MIP-3a proteins following rhAIF-1-stimulation. As shown in
Fig. 2, the concentrations of 1L-6 and CCL3/MIP-1w in the culture
supernatant significantly increased after stimulation by human
TAIF-1 for 24 1 (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/mlL) 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

A
IL-6

(ng/ml) %*

300

250 A . _—
200 4 ,
150 : o

' [

100 4

50 4

O“I"“"* T T -

NC ATF-1 ATF-1
Ingiml

APl LPS
10ng/m1 IOOng/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-1¢ 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 thAIF-1 stimulation. We
identified upregulated expression of several CC chemokine and
cytokine genes. They included CC chemokine genes such as CCL1,
CCLZ/MCP-1, CCL3/MIP-1c, CCL7/MCP-3 and CCL20/MIP-3¢. Then,
we used ELISAs to confirm that rhAIF-1 promoted the secretion
of CCL3/MIP-1o and I1-6 by CD14* PBMCs. However, secretions
of CCL1, CCL2JMCP-1, CCL7/MCP-3 and CCL20/MIP-3c were at very
low levels. Finally, we demonstrated that the cultured media from
rhAIF-1-stimulated CD14" PBMCs enlanced migration of PBMCs.

B
CCL-3/MIP1-a

(pg/ml)

2504 %

2004 | : )
150

100

504

NG ATR1 + ATF-1  ATR LIPS
; lnglml 10ng/ml 100ng/ml 10ng/ml =

¥ig. 2. Induction of IL-6 (A) and CCL3/MIP-1c (B} secrenon from CD14* PBMC stimulated by rhAIF-1. Human CDM’ PBMC {n =5)were stimulated with serum-free RPMI-1640
medium containing 0, 1, 10 or 100 ngfmL rhAIF-1 or 10 ng/mL of LPS. Concentrations of IL-G and CCL3 in the supernatant were measured with an ELISA at 24 h. Each bar
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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 CD14" PBMC (n = 6) that
had been incubated with serum-free RPMI-1640 mediumn 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 cellsfmL, Cell migration into the lower chamber significantly increased
with culture supernatants from human €D14* PEMC stimulated with 100 ng/mL of thAIF-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-1ct 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 ratio on the basis of NC.
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