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Table 2 Comparison of plain MRI-based findings to Gd-DPTA-
enhanced MRI-based findings

MRI findings Gd-enhanced MRI Total

Synovitis (+) Synovitis (=)

Synovitis
Plain MRI
Synovitis (+) 613 316 929
Synovitis {~) 175 312 487
Total 788 628 1416
Bone lesions
Plain MRI
Bone lesions (+) 92 9 101
Bone lesions (—) 22 1378 1400
Total 114 1387 1501

Synovilis were evaluated in 1416 sites and bone lesions were eval-
uated in 1501sites as described in Patients and methods

Gd-DPTA Gadolinium~dicthylenctriamine pentaacetic acid, MR/
magnetic resonance imaging

Table 3 Sensitivity, specificity, PPV, NPV and accuracy of synovitis
and bone lesions according to the plain MRI-based findings®

Sensitivity  Specificity PPV NPV Accuracy

(%) (%) (%) (%) (%)
Synovitis 8 49.7 66.0 641 653
Bone lesions  80.7 99.4 91.1 984 979

PPV Positive predictive value, NPV negative predictive value

® Gd-DTPA enhanced MRI-based findings were considered as gold
standard; the accuracy of plain MRI-based findings were compared
with Gd-DTPA-cnhanced MRI-based findings

(Table 2). These data indicate that some synovitis that
appears positive on a plain MR image scan is, in fact, false-
positive. Bone lesions were visualized in 1501 sites by both
plain and Gd-DTPA-enhanced MRL In contrast to syno-
vitis, the false-positive rate of bone lesions based on plain
MRI findings was very low compared with that based on
Gd-DTPA-enhanced MRI findings (Table 2). The rates
of sensitivity, specificity, PPV and negative predictive
value (NPV), and the accuracy of synovitis and bone
lesion readings according to plain MRI were determined
(Table 3).

The E-rate in sites of false-positive synovitis
was significantly low compared with that in sites
of true-positive synovitis

For the purposes of our study, the sites where plain MR
scan images were positive for synovitis and Gd-DTPA-
enhanced MR scan images were negative were considered

Table 4 Comparison of E-rate in sites of false-positive synovitis
with sites of true-positive synovitis

MRI findings N E-mte Povalue
tsites) _(mean 3 sd, median, range)
A, True positive: 366 8.1=5.1(69.1.2-50.1)
plain (), enhanced {+) }.s
B False negative: 57 63 Z22(65.34-146)
plain (), enhanced (4) § §] §
C. False positive; 123 STE22(60. 14 - 145) §
plain (+), enhanced ) ] NSS.
. True negative: 298 5521755, 14-123)

plain (), cahanced ()

‘We compared every E-rate by Mann~Whitney U test. P values are as
follows: Avs B,0.19; Avs C,9.2 x 107" AvsD,52 x 107%: B vs
C, 0.00096; B vs D, 5.3 x 10~ and C vs D, 0.20. It is interesting to
note that E-rate of false-negative synovitis sites tended to be low,
hawever, there is no statistical significance as compared with true-
positive sites {see A vs B). E-rate of false-negative synovitis sites was
high as compared with false-positive synovitis sites (see B vs C)

¥ P value <0.0001

to be false-positive sites; the sites for which positive results
were obtained using both MRI imaging techniques were
considered to be true positive sites. The severity of syno-
vitis was compared by the E-rate of Gd-DTPA-enhanced
MRI. As shown in Table 4, the E-rate of false-positive
synovitis sites was significantly low compared with that of
the true positive sites.

Discussion

Recent reviews have reported that plain MRI-based
findings of bone lesions can be substituted for Gd-
DTPA-enhanced MRI-based findings, although Gd-DTPA
enhancement is recommended for the evaluation of syno-
vitis [1). Since the median disease duration from the onset
of articular manifestations to entry in the 51 patients of our
study cohort was 5 months, we suggest that our data reflect
primarily rheumatoid joint damage, rather than secondary
changes due to osteoarthritis. However, there have been
few precise comparisons of plain MRI-based findings and
Gd-DTPA-enhanced MRI-based findings; i.e., both plain
and Gd-DTPA-enhanced sequences of multiple sites in
both hands examined simultaneously. Ostergaard et al.
reported that Gd-DTPA injection is not important to
qualify the MRI scores of bone erosion and bone edema,
whereas it is indispensable to diagnose synovitis [14].
Our data also show that plain MRI-based findings are
not sufficient alone to evaluate the presence of synovitis.
The severity of synovitis, as determined by the E-rate in
dynamic Gd-DTPA-enhanced MR scan images, is low in
false-positive synovitis sites compared with true-positive
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sites. We speculate that cartilage, synovial fluids, or fibrous
tissues may be interpreted as synovial hyperplasia in these
cases, and we must be aware of the superiority of
Gd-DTPA-enhanced MRI over plain MRI in evaluating
synovitis, especially in the case of less active lesions. The
E-rate of false-negative synovitis sites tended to be low
among our patients; however, there was no statistical sig-
nificance relative to true-positive synovitis sites. Accord-
ingly, the E-rate of false-negative synovitis sites was high
as compared with that of false-positive synovitis sites.
Since a previous study demonstrated that the E-rate of the
wrist correlates with the clinical disease activity in patients
with RA [15], we suggest that the E-rate could correlate
well with the synovitis score based on the RA MRI scoring
system (RAMRIS). Consequently, findings from Gd-
DTPA-enhanced MRI are crucial to qualify the presence of
synovitis correctly,

Nevertheless, plain MRI is an effective tool for evalu-
ating bone lesions of the wrists and finger joints since false-
positivity is very low for this evaluation. In addition to the
wrists and metacarpophalangeal joints, we identified three
PIP joints as being positively associated with bone lesions
out of 114 sites which were identificd by Gd-enhanced
MRI. There was no false-positive result by plain MRI in
these three PIP joints, indicating that plain MRI is able to
accurately detect the bone lesions of smaller joints of PIP
joints, A recent observation (unpublished data) by our
group indicates that the E-rate of sites with bone lesions is
significantly high compared with that of those without bone
lesions [15], These data suggest that synovial inflammation
is obvious in bone lesion sites and, therefore, that false-
positivity is low in these areas.

In summary, our present data confirm the recent results
of Ostergaard et al. [14] that bone lesions can be correctly
identified by plain MRI-based findings in early-stage RA,
while synovitis cannot. Based on our present results, we are
currently investigating longitudinal changes in bone lesions
by plain MRI of the wrists and finger joints in early arthritis
patients during therapeutic interventions. These studies are
warranted to establish the value of plain MRI in clinical
rheumatology.
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Overexpression of T-bet Gene
Regulates Murine Autoimmune Arthritis

Yuya Kondo,* Mana Jizuka,* Ei Wakamatsu,” Zhaojin Yao,! Masahiro Tahara,® Hiroto Tsuboi,!
Makoto Sugihara,! Taichi Hayashl, Keigyou Yoh," Satoru Takahashi,’
Isao Matsumoto,' and Takayuki Sumida

Objective. To clarify the role of T-bet in.the
path is of coll induced arthritis (CIA).

Methods. 1] bet—trausgemc (Tg) mice under the
controf of the CD2 promoter were generated. CIA was
induced in T-bet-Tg mice and wild-type C57BL/6 (B6)}
mice. Levels of type IT collagen (CH)—reactive T-het aml
ic acid recept: lated orphan nuclear r
gt (ROR7%) messenger RNA expression were analyzed
by real-time polymerase chain reaction., Criss-cross
experiments using CD4-+ T cells from B6 and T-bet-Tg
mice, as well as CDlle+ splenic dendritic cells (DCs)
from B6 and T-bet-Tg mice with CII were performed,
and interleukin-17 (IL~17} and interferon-y ([I"ny) in
the super were ed by linked im-
munosorbent assay. CD4+ T cells from B6, T-het-Tg, or
T-bet-Tg/IFNy ™~ mice were cultured for Thi7 cell
differentiation, then the proportions of cells producing
XNy and IL-17 were analyzed by fluoreseence-activated
cell sorting,

Results. Unlike the B6 mice, the T-bet-Tg mice
did not develop CIA. T-bet-Tg mice showed overexpres-
sion of T8x27 and down-regulation of Rore im CI-
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reactive T cells. Criss-cross experiments with CD4+ T
cells and splenic DCs showed a significant reduction in
IL-17 production by Cli-reactive CD4+ T cells in
T-bet-Tg mice, even upon coculture with DCs from B6
mice, indicating dysfanction of IL-17-producing CD4+
T cells. Inhibition of Th17 cell differentiation under an
in vitro condition favoring Th17 cell differentiation was
observed in both T-bet-Tg mice and T-bet-Tg/IFNy ™~
mice,

Conclusion. Overexpression of T-bet in T cells
suppressed the develop of i arthritis.
The regulatory mechanism of arthritis might invelve
dysfunction of Cll-reactive Th17 cell differentiation by
overespression of T-bet via YENy-independent path-
ways.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disorder characterized by autoimmunity, infiltra-
tion of the joint synovium by activated inflammatory
cells, and progressive destruction of cartilage and bone.
Although the exact cause of RA is not clear, T cells seem
to play a crucial role in the initiation and pcrpetuation of
the. chronic inflammation in RA.

The Thi cell subsct has long been consxdcred to
play a predominant role in mﬂammatory arthritis, be-
cause T cell clones from RA synovium were found to
produce large amounts of interferon-y (IFNYy) (1). Re-
cently, interleukin-17 (IL~17)-producing Th17 cells have
been identified, and this newly discovered T cell popu-

‘lation appears to play a critical role in the development

of various forms of autoimmune arthrilis in experi-
mental animals, such as those with glucose-6-phosphate
isomerase-induced arthritis (2) and collagen-induced
arthritis (CIA) (3). Conversely, IFNy has antiinflamma-
tory effects on the development of experimental arthritis
(4,5). IL-17 is spontancously produced by RA synovium
(6), and the percentage of IL-17-positive CD4+ T cells
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was increased in the peripheral blood mononuclear cells
of patients with RA compared with healthy control
subjects (7). It is therefore necessary to determine if auto-
immune arthritis is a Thi- or a Thl7-associated disorder.

The lineage commitment of each Th cell subset
from naive CD4+ T cells is dependent on the expression
of specific transcription factors induced under the par-
ticular cytokine environment. Differentiation of Thl
cells is dependent on the expression of the transcription
factor T-bet, which is induced by IFNy/STAT-1 signaling

. pathways and directly activates the production of IFNy

(8,9). Similarly, Th17 cell differentiation in mice is
dependent on the transcription factor retinoic acid
receptor-related orphan nuclear receptor vt (RORyt)
induced by transforming growth factor 8 (FGFB) and
IL-6 (10). Previous studics showed that these transcrip-
tion factors negatively regulate the diff fation of
other T cell subscts by dircet co-interaction and/or
indirect effects of cytokines produced from each T cell
subset (11,12). How the predominant differentiation of
CD4+ T cells affects the development of autoimmune
arthritis remains unclear, however.

In the present study, CIA was induced in
C57BL/6 (B6) mice and T-bet-tramsgenic (Tg) mice
under the control of the CD2 promoter. The results
showed that CIA was significantly suppressed in
T-bet-Tg mice as compared with B6 mice. IL-17 pro-
duction was not detected in type II collagen (CH)-
reactive T cells from T-bet-Tg mice, and a significant
reduction in IL~17 production by Cll-reactive CD4+ T
cells from T-bet-Tg mice was observed even when they
were cocultured with splenic dendritic cells (DCs) from
B6 mice. IFN-y production was also reduced in T-bet-Tg
mice as compared with B6 mice, and levels of IFNy in
Cli-reactive CD4+ T cells from T-bet~Tg mice were not
different from those in B6 mice. Inhibition of Thi7 cell
differentiation and predominant differentiation of Thl
cells under an in vitro condition favoring Th17 cell
differentiation was observed in T-bet-Tg mice, and
surprisingly, this inhibition was also observed in T-bet—
Tg/IENy~™ mice. These results indicate suppression of
Th17 cell differentiation by overexpression of T-bet, but
not IFNy. Our findings support the notion that the
suppression of autoimmune arthritis in T-bet-Tg mice
might be due to the dircct inhibition of Th17 cell
differentiation by T-bet overexpression in T cells.

MATERIALS AND METHODS

Mice. CD2 T-bet~Tg mice (12) were prepared by
backerossing mice on a C37BL/G background. 1IFNy ™/~ mice
were obtained from The Jackson Laboratory. Littermates of

T-bet-Tg mice were used as controls in all expetiments. All
mice were maintained under specific pathogen-free condi-
tions, and the experiments were conducted in accordance with
the msmunonal ethics guidelines.

ion of CIA and t of arthritis. Native
chicken CII (Sigma-Aldrich) was dissolved in 0.013 acetic acid
and emulsified in Freund’s complete adjuvant (CFA). CFA
was prepared by mixing 5 mg of heat-killed Mycobacterium
tuberculosis H37Ra (Difco) and 1 ml of Freund’s incomplete
adjuvant (Sigma-Aldrich). Mice ages 8~10 weeks were injected
intradermally at the base of the tail with 200 ug of ClLin CFA
on days 0 and 21. Arthritis was evaluated visually, and changes
in each paw were scored on a scale of 0-3, where 0 = normal,
1 = slight swelling and/or erythema, 2 = pronounced swelling,
and 3 = ankylosis. The scores in the 4 Jimbs were then summed
(maximum score 12).

Histopathologic scoring. For hmologu. assessment,
mice were killed on day 42 after the first immunization, and
both rear limbs were removed. After fixation and decalcifica-
tion, joint seetions were cut and stained with hematoxylin and
eosin. Histologic features of arthritis were quantified by 2
independent observers (YK and IM) who were blinded with
regard to the study group, and a histologic score was ass:gned
to each joint based on the degres of inflammation and erosion,
as described previously (13). The severity of inflammation was
scored on a scale of 05, where ¢ = normal, 1 = minjmal
inflammatory infiltration, 2 = mild infi luatxon with no soft
tissue edema or synovial lining cell hyperplasia, 3 = moderate
infiltration with surrounding soft tissue edema and some
synovial lining cell hyperplasia, 4 = marked infiltration,
edema, and synovial lining cell hyperplasia, and § = severe
infiltration with extended soft tissue edema and marked syao-
vial lining cell hyperplasia, The severity of bone erosion was
also scored on a scale of 0-5, where 0 = none, 1 = minimal,
2 = mild, 3 = moderate, 4 = markcd and 5 = severe erosion
with full-thickness. defects in the cortical bone.

Analysis of cytokine profiles and cytokine and tran-
scriptional factor gene expression. Inguinal and popliteal
lymph nodeswere harvested from cach mouse.on day 10 alter
the first immunization with CII Single-cell suspensions were
prepared, and lymph node cells (2 X 10%vell on a 96-well
round-boftomed plate) were culiured for 72 hours in RPMI
1640 medium (Sigma-Aldrich) containing 10% fetal bovine
serum, 100 units/ml of penicillin, 100 pg/ml of streptomyein,
and 50 udf 2-mercaptoethanol in the presence of 100 ug/ml of
denatured chicken CII. The supernatants were analyzed for
IFNy, Y14, IL-10, and 1L-17 by enzyme-linked immunosor-
bent assay (ELISA) using specific Quantikine ELISA kits
(R&D Sysmms)

Lymphocytes harvested on day 10 after immunization
were used to obtain coraplementary DNA (¢(DNA) by reverse
transcription, using a commerua]ly available kit. A TagMan
Assay-on-Demand gene expression product was used for real-
time polymerase chain reaction (PCR; Applied Biosystems).
The expression levels of Ifing, 11174, Thx2l, Rorc, I12q, and
Ji23a were normalized relative to the expression of gapdh.
Analyses were performed with an ABI }’nsm 7500 apparatus
(Applied Biosysterms).

Criss-cross cocalture with CD4+ T cells and CD1lc+
splenic dendritic cells, Ten days after the first CII immuniza-
tion, CD4+ cells in draining lymph nodes were isolated by




positive selection, using a magnetic-activated celt sorter
(MACS) system: with anti-CD4 monoclonal antibody (mAb;
Miltenyi Biotec). After treatment with mitomycin C, CDIlc+
cells were isolated from the spleen by positive selection, using
4 MACS system with anti-CD1lc mAb (Miltenyi Biotec).
Criss-cross coculture for 72 hours was performed with 1 X 1¢°
CD4+ cells and 2- X 10* CD1lc+ cells in 100 pg/ml of

d 1 ClIE~ ining medium, Cytokine production and
tmnscnpucn factor exprcssxon were then analyzcd
of pecific i lobulin ti-

texs. Serum was collected from the mice on day 56 after the
first immunization. A total of 10 pg/mi of CII in phosphate
buffered saline (PBS) was coated overnight at 4°C onto 96-well
plates (Nunc MaxiSorp; Nalge Num:) After washes with
washing buffer (0.05% Tween 20 in PBS), the blocking solu-
tion, mdudmn 1% bovine serum albumin in PBS, was apphed
for 1 hour. Aftct washing, 100 i of diluted scrum was added,
and the plates were incubated for 1 hour at room temperature.
After further washing, horseradish peroxidase—conj d
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RESULTS

Coustruction of the T-bet transgene and tissue
distribution of transcription facters and cytokine pro-
duction in naive mice, To generate transgenic mouse
lines that express high levels of T-bet specifically in
T cells, mouse T-bet ¢cDNA was inserted into a VA
vector containing a human CD?2 transgene cassette (14).
To confirm the expression of the transgene, reverse
transeription-PCR (RT-PCR) was performed to moni-
tor the expression of Thx2! (coding for T-bet) in organs
from the T-bet-Tg mice. Thx27 messenger RNA
(mRNA) expression was detected in the lymphatic sys-
tem and in nonlymphatic organs in T-bet~Tg mice, and
the expression levels were higher than those in B6 mice
(data available upon request from the author). Analysis

anti-mouse IgG, IgGl, 1gG2a, or IgG2b (1:5,000 dilution) in
blocking solution was added, and the plates were incubated for

1 hour at room terperature. After washing, tetramethylben-
zidine was added, and the optical density was read at 450 nm
using a microplate reader.

. Purification of CD4+ cells and in vitro T cell cultures,
CD4+ cells (1 X 10%vell) were cultured in medium
with 1 ug/ml of soluble anti-CD3e mAb (eBioscience), 1 pg/ml
of soluble anti-CD28 mAb (BioLegend), 10 pg/ml of ‘anti-
IFNy mAb (Biolegend), and 10 pg/ml of anti~iL-4 mAb
(BioLegend) for a ncutral condition. For Th17 cell differ-
entiation, CD4-+ cells (1 X 10%well) were cultured in medivm
with 1 ug/ml of soluble anti-CD3s mAb, 1 ug/ml of soluble
anti-CD28 mAb, 3 ng/ml of human TGFB (R&D Systems),
20 ng/ml of mouse Li-6 (eBioscience), 10 pg/ml of anti-
IFNy mAb, and 10 pg/ml of anti-IL-4 mAb. On day 4, cells
were restimulated for 4 hours with 50 ng}ml of phorbol
myristate acctate and 500 ng/ml of iononycin and uvsed in the
experiments.

Surface and intraceltular staining and fluorescence-
activated cell sorter (FACS) analysis. GolgiStop (BD

PharMingen) was added during the last 6 hours of each

culture. Cells were stained extracellularly, fixed, and perme-
abilized with Cytofix/Cytoperm solution (BD PharMingen).
Then, intracellular ¢cytokine staining was performed according
to the manufacturer’s protocol, using fuorescein isothiocya-
nate’ (FITC)-conjugated anti-IFNy (BD PharMingen) and
phycoerythrin (PE)-conjugated anti~IL-17 (BD PharMingen)
or FITC-conjugated anti-IL-17 (Biolegend). ‘A Treg cell
staining kit (eBmsucnce) was used to stain T-bet, ROR’}«,
and FoxP3 in d cells ding to the jt s
protocol, using PE-conjugated anti-T-bet (eBioscience),
allophycocyanin-conjugated anti-RORyt (eBioscience), and
PE-conjugated anti-FoxP3 (eBioscience). Samples were ana-
tyzed with a FACSCalibur flow cytometer (Becton Dickinson),
and data were analyzed with FlowJo soft (Tree Star).
Statistical is. Data are ias the mean +

SEM or the.-mean % SD. Differences belween groups were'

examined for statistical significance using Student’s r-test.
P valucs less than 0.05 were considered significant.

by semiquantitative RT-PCR and quantitative PCR

(data not shown) revealed that the expression levels of

other transcription factors (Gata3, Rore, and Foxp3) in
T-bet-Tg mice were not different from those in B6
mice. As previously reported by Ishizaki et al (14), high
production of IFNy was observed even when CD4+
T cells isolated from the spleen of T-bet~Tg mice were
cultured under neutral conditions (data available upon
request from the author).

Failure to induce CIA and low CH-specific IgG
production in T-bet-Tg mice. To assess whether T
cell-specific T-bet expression affects the development
of arthritis, we induccd CIA in T-bet-Tg mice and
in wild-type B6 mice. The incidence and severity of
arthritis in T-bet-Tg mice were markedly suppressed
compared with those in BG mice (Figure 1A). Sur-
prisingly, the majority of T-bet-Tg mice were essen-
tially free of arthritis, and even when arthritis was
present, it was of the mild type. Consistent with these
findings, histologic analyses of the joints obtained from
each mouse 42 days after immunization revealed that
joint inflammation and destruction were significantly
suppressed in T-bet~Tg mice compared with B6 mice
(Figures 1B and C). These results indicated - that en-
forced cxpression of T-bet in T cells suppressed the
development of CIA.

Because the levels of Cll-specific IgG correlate
well with the development of arthritis (15), we examined
Cli-specific 1gG production in T-bet-Tg mice. CIl-
specific 1gG, 1gG1, IgG2a, and IgG2b levels were signif-
icantly Jower in T-bet-Tg mice than in B6 mice, as
determined by ELISA (Figure 1D). Thus, enforced
expression of T-bet in T cells suppresses the develop-
ment of CIA and Cll-specific 1gG production.
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mice and 5 T-bet=Tg mice 6 weeks after the first i ization. Scores were d

X 40.C, ion and bone erosion scores in 7 C57BL/G
I as described in Materials and Mcethods, D, Serum levels

of Cll-specific 18G, IgG1, 18G2a, and IgG2b levels in 10 CS7BL/G mice and 11 T-bet-Tyg mice 8 wecks after the first immunization, as measured
by enzyme-linked immunosorbent assay. Values in A, C, and D are the mean = SD. » = P < 0.05; ++ = P < 0.01 by Student's r-test,

Suppression of Cll-reactive IL-17 production
and IL-17 mRNA expression in T-bet-Tg mice. Because
enforced T-bet expression in T cells suppressed the
development CIA. we examined antigen-specific cyto-
kine production and transcription factor expression in
mice with CIA, CD4+ T cells harvested from draining
lymph nodes were stimulated with CII in vitro, and then
various cytokine levels in the supernatants were mea-
sured by ELISA. IL-17 production by Cll-reactive T
cells was significantly reduced in T-bet-Tg mice as
compared with B6 mice (Figure 2A). IFNy production
by ClI-reactive T cells also tended to be decreased in
T-bet-Tg mice.

‘We analyzed Cll-reactive cytokine and transcrip-
tion factor mRNA expression levels by real-time PCR
(Figure 2B). Similar to the ELISA results, 11174 expres-
sion tended to be lower in T-bet-Tg mice than in B6
mice. No difference in Ifug expression was observed
between B6 and T-bet-Tg mice (Figure 2B). Tba2/
expression tended to be higher in T-bet-Tg mice,
whercas Rore expression was lower in T-bet-Tg mice
than in B6 mice (P < 0.05). The level of expression of
1112q (coding for IL-12p35) was also higher in T-bet-Tg
mice than in B6 mice (P < 0.05). However, there was no
difference in the expression levels of 123« (coding for
IL-23p19) between B6 mice and T-bet—Tg mice. These
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Figure 2. No production of interleukin-17 (I1.-17) and low production of interferon-y (IFNv) in type I collagen (Cl)-reactive CD4+ T celis. &,
Ten days after. the fisst CH immunization, lymphocytes derived from the draining lymph nodes of CSTBL/6 (wild-type [WT]) mice and
T-bet-transgenic (Tg) mice were cultured for 72 houss in the presence or absence of 100 xg/mil of denatured CIIL Levels of IL-17, IFNy, IL-4, and
1L-10 in the were d by enzyme-lioked i L assay. B, After cuhurc of lympbocytes with CI, cONA was obtained,
and levels of Ung, H17a, Tox2Z, Rore, 11124, and 1123 ion were analyzed by chain reaction. Values are the mean + SD
of 3 mice. * = P < 005 by Student’s £-test, ND = not detected; NS = not significant,

results suggest that overexpression of T-bet on CD4+ T in the T-bet-Tg mice than in the B6 mice. These find-
cells suppressed the expression of ROR+t and 1L-17, ings support the notion that overexpression of T-bet
No reduction of RORyt expression on CH- not only suppresses RORyt expression on CD4+ T cells

RORyt

L-17

Figure 3. Suppression of Th17 cell diff iation by /| of T-bet in T cells despite expression of retinoic acid receptor-related
orphan nuclear receptor 1t (ROR), A, Ten days after the first type 11 collagen (CII) immunization, lymphocytes dexived from the draining lymph
nodes of CS7BLIG (wild-type [WT]) and T-bet-transgenic (Tg) mice were cultured for 72 hours in the presence or absence of 100 pg/ml of denatured
CIL Levels of T-bet and RORYt expression on CD4+ T cells were analyzed by intracelludar staining. Numbers in cach compartment of the
histograms are the. of transcription fact pressing cells gated on CD4+ T cells. Values in the bar graphs are the mean = SD of 3 mice
per group. % = P < 0.05 by Student’s -test, NS = not significant. B, CD4+ T cells were isolated from the spleen of CS7BL/6 and T-bet~Tg mice
by magnetic-activated cell sorting and were then cultured for 96 hours with soluble anti-CD3 antibody, soluble anti-CD28 antibody, interleukin-6
{IL-6), and lmns[onnmg gm\vxh factor B. Cytokine production and iption factor on CD4+ T cells were analyzed by intracellular
staining. Rep E from flow analysis of T-bet and ROR+ expression with IL-17 production are shown. ineach
compartment arc the percentage of positive cells gated on CD4+ T cells.

reactive CD4+ T cells in T-bet-Tg mice. CD4+ T cells but also inhibits the production of IL-17 from RORyt+

from T-bet-Tg and B6 mice were cultured in vitro with
CIL, and analyses of T-bet and ROR~yt expression on
CD4+ T cells were carried out by the intracelular
staining method. T-bet expression on Cll-reactive
CD4+ T cells was significantly higher in T-bet-Tg mice
than in B6 mice (Figure 3A). Surprisingly, the majority
of T-bet+ CIl-reactive T cells cvxprcs.scd RORyt in both
the B6 mice and the T-bet-Tg mice (Figure 3A). Al-
though there was no slgmﬁcant difference in the mean
fluorescence intensity of RORyt between B6 mice and
T-bet-Tg mice, the number of RORyt+ cells tended to
be lower in T-bet-Tg mice (data available upon request
from the author).

Moreover, in the case of CD4+ T cells examined
under conditions favoring Th17 differentiation; RORyt
expression on CD4+ T cells from T-bet-Tg mice was
lower than that on cells from B6 mice (Figure 3B).
Interestingly, most of the RORyt-+ cells also expressed
T-bet in the T-bet-Tg mice, and the proportion of
IL-17-producing RORyt+ CD4+ T cells was lower

T cells.

‘To investigate whether the suppression of arthri-
tis and low antigen-specific cylokine production ob-
sexrved in T-bet-Tg mice was related to Treg cells, the
next experiment analyzed FoxP3 expression on CD4+
T cells harvested from draining lymph nodes 10 days
after immunization, There was no significant difference
in the percentage of FoxP3+ cells among the CD4+
T cells between B6 mice and T-bet-Tg mice (data
available upon request from the author). Thus, Treg
cells, do not seem to be involved in the suppression of
CIA in T-bet~Tg mice.

Decreased numbers of T cells in the lymph nodes,
spleen, and thymus of T-bet~Tg mice. To evaluate the
Jlow cytokine response and the low population of CII-
reactive RORyt+CD4+ T cells in T-bet-Tg mice
with CIA, we analyzed the lymphocyte subsets in the
draining lymph nodes and spleen after immunization.
The percentage and absolute number of CD3+ T cells

.were lower in both the draining lymph nodes and the

spleen of T-bet-Tg mice as compared with B6 mice
(Figures 4A and B). The absolute number of CD4+
and CD8+ T cells also tended to be lower in T-bet-Tg
mice (Figure 4B), Moreover, analysis of the thymus
showed a significantly low number of total thymocytes
in T-bet-Tg mice and the presence of an abnormal
proportion of T precursor cells, such as a low number of
double-positive T cells and CD4 single-positive T cells
in T-bet-Tg mice (Figure 4C). These results suggest
abnormal T cell development in the thymus of T-bet-Tg
mice.

Inhibition of IL-17 production by CH-reactive
CD4+ T cells in T-bet-Tg mice. To clarify whether T-bet
overexpression on CD4+ T cells directly affects cytokine
production, we performed criss-cross experiments using
CD4+ T cells from B6 and T-bet-Tg mice, as well as
DCs from B6 and T-bet-Tg mice in CIl-containing

medium, and measured 1L-17 and IFNy levels in the
supernatants by ELISA. IL-17 production was detected
in Cll-reactive CD4+ T cells from B6 mice and in DCs
from T-bet-Tg mice. Interestingly, IL-17 production was
significantly reduced, even when CD4+ T cells from
T-bet-Tg mice were cocultured with DCs from B6 mice
(Figure 5A). These observations suggest that T-bet
overexpression on CD4+ T cells is responsible for the
inhibition of Cll-reactive IL-17 production. No differ-
ence in IFNy production was noted among the experi-
mental conditions (Figure 5A), suggesting that reduced
IFNy production by Cll-reactive CD4+ T cells from
T-bet-Tg mice (Figure 2) was probably related to the
reduced numbers of CD4+ T cells in draining lymph
nodes. Moreover, intracellular staining revealed that
RORvyt expression was suppressed and T-bet expression
was increased, even when CD4+ T cells from T-bet~Tg
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of the parent population. B, The absolute numbers of CD3+, CD19+, CD4+, and CD8+ T cells in the lymph nodes and spleen of C57BLI6
(wild-type [WT]) and T-bet—Tg mice were determined. Values are the mean £ SD of 3 mice per group. NS = not significant. C, The proportion
of T precursor cells in the thymus of nonimmunized mice was analyzed by FACS, and the absolute numbers of thymocytes, double-negative (DN)
T cells, CD4 and CDS8 single-positive (SP) T cells, and double-positive (DP) T cells were determined. Values in the bar graphs are the mean = SD
of 3 mice per group. * = P < 0.05; #+ = P < 0.01 by Student’s s-test.

mice were cocultured with DCs from B6 mice (Figure spleen of T-bet-Tg, T-bet~Tg/IFNy™~, and B6 mice
5B). These results indicate that T-bet overexpression on and were then cultured for Th17 cell differentiation.
CD4+ T cells suppressed ClI-reactive IL-17 production FACS analysis demonstrated that the proportion of
by inhibition of the expression of RORyt. IL-17-producing CD4+ T celis was lower in T-bet-Tg

Overexpressmn of T-bet directly suppresses mice than in B6 mice, whereas the proportion of IFNvy-
Th17 cell differentiation via IFNvy-ind d producing CD4+ T cells was higher in T-bet-~Tg mice.
nisms. To clarify whether IFNy producuon influences Similarly, the proportion of IL-17-producing CD4+ T
Th17 cell differentiation, we generated T-bet-Tg/ cells was also lower in T-bet-Tg/IFNy™~ mice, although
IFNy™ mice. CD4+ T cells were isolated from the no IFNy-producing CD4+ T cells were detected in
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Figure 5. I pecilic Thl7 cell in T-bet. ic {Tg) mice with coll induced arthritis (CIA). Ten days after the first

type II collagcn (CII) immunization, CD4+ cells were isolated from draining lymph nodes of CS7BL/6 (wild-type [WT]) mice and T-bet-Tg (TG)

mice by positi

using ivated cell sorting (MACS) with anti-CD4 monoclonal anuhody (mAb). After treatment with mitomycin

C, Cl)uc+ cells were isolated from the spleen by positive selection using a MACS system with anti-CD11c mAb. Criss-cross coculture for 72 hours
was performed with 1 X 105 CD4+ celis and 2 X 10¢ CD1lc+ cells in 100 pgim of denatured Cll-containing medium, A, Levels of interleukin-17

(IL-17) and interferon-y (IFNy) in culture suf were

linked i t assay. B, Expression of retinoic acid

Y
receptor-related orphan nuclear receptor vt (ROR+1) and T-bet expression on CD4+ T eells were analyzed by Hlular staining. Rep
data from flow cytometric analysis of the percentage of RORyt-+ or T-bet+ cells in the CD4+ T cell subset arc shown. Values are the mean = SD
of 3 mice per group. * = P < 0.05 by Student’s test. DC = dendritic cells,

T-bet-Tg/IFNy ™~ mice (Figure 6). These results
strongly support the view that inhibition of Th17 cell
differentiation in T-bet-Tg mice cannot be due to
overproduction of IFNv, indicating that overexpression
of T-bet directly suppresses Thl7 cell differentiation in
T-bet-Tg mice.

C57BL/G ( WT ) T-bet Tg T-bet TglFNy*

17

IFNy

Figure 6. Suppressed expression of interleukin-17 (IL-17) by T-bet
overexpression independently of interferon-y (IFNvy) in T-bet—
transgenic (Tg) mice. CD4+ T cells were isolated from the spleen of
C57BLI6 (wild-type [WT]), T-bet-Tg. and T-bet-Tg/IFNy ™~ mice by
magnetic-activated cell sorting and then cultured for 96 hours with
soluble anti-CD3 mwonoclonal antibody (mAb), soluble anti-CD2§
mADb, IL-6, and transforming growth factor 8. IFNy and IL-17
production by CD4+ cells was analyzed by intracellular cytokine
staining. Numbers ia cach ent are the of celis
secreting cytokines.

DISCUSSION

Recent studies showed that IL-17 plays a crucial
role in the development of CIA (3) and other types of
cxperimental arthritis (2). In contrast, it has been re-
ported that IFNy can suppress IL-17 production in vitro
(16) and has antiinflammatory effects on the develop-
ment of experimental arthritis (4,5). T-bet is a transcrip-
tion factor known to induce the differentiation of naive
CD4+ T cells to Thl cells (8). Although the absence of
T-bet can result in severe 1L-17-mediated experimental
autoimmune myocarditis via dysregulation of IFNy (17),
several studies have shown that T-bet is essential for the
development of several models of autoimmunity, such as
experimental autoimmune encephalitis (18,19), colitis
(20), and diabetes mellitus (21). Nevertheless, the effect
of T-bet expression on Thl7 cell differentiation and
function during arthritis remains unclear.

T-bet-Tg mice overexpress T-bet and mainly
produce IFNy in their T cells (14). Previous studies in
T-bet-Tg mice suggested that overexpression of T-bet
and a predominant Th1 response affect the pathogenesis
of various diseases (14,22,23). To examine whether
T-bet overexpression on T cells affects the regulation of
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autoimmune arthritis, we induced CIA in T-bet-Tp mice
and found marked suppression of CIA in T-bet-"Ig mice.

To determine the reason for the low incidence of
CIA in T-bet-Tg mice, we measured Cll-reactive cyto-
kine production and expression in vitro. TL-17 produc-
tion from Cli-reactive CD4+ T cells and Z117a expres-
sion were reduced in T-bet—Tg mice as compared with
B6 mice. Although a predominant Thl ccll response was
reported by Ishizuka et al (14), Cll-specific IFNy pro-
duction was reduced in T-bet~Tg mice, and no signifi-
cant difference was observed in Ifug expression belween
B6 mice and T-bet-Tg mice. Furthermore, 7//2a expres-
sion was significantly higher in T-bet-Tg mice than in
B6 mice, suggesting that overexpression of T-bet on
T cells seems to affect innate immune cells, because the
main producers of IL-12 are DCs and macrophages, not
CDé4+ T cells.

In criss-cross coculture experiments with CD4-+
T cells and splenic DCs from B6 mice and T-bet-Tg

‘mice, Cll-reactive IL-17 production was also reduced

even when CD4+ T cells from T-bet-Tg mice were
cocultured with DCs from B6 mice, although there was
no significant difference in IL-17 production by CD4+
T cells from B6 mice cocultured with DCs from either
B6 mice or T-bet-Tg mice. In contrast, no difference in
IFNy production was observed under all coculture con-
ditions examined, Moreover, suppression of RORyt
expression and high expression of T-bet on CD4+ T
cells were observed cven when CD4+ T cells from
T-bet-Tg mice were cocultured with DCs from B6 mice.
These findings indicate that T-bet overexpression on
CD4-+ T cells might suppress Cll-reactive IL-17 produc-
tion resulting from suppression of RORyt expression in
an IFNvy-independent manner, and that overexpression
of T-bet has no direet effect on DC function.

Cil-specific 1gG levels correlate well with the
development of arthritis (15). We observed significant
suppression of ClI-specific IgG production in the
T-bet~Tg mice as compared with the B6 mice., A previ-
ous study showed that XL~17 is required for anti-CLL
antibody production (3). Therefore, the suppression of
anti-CIT antibody formation might be due to lower
ClI-reactive IL-17 production in T-bet-Tg mice.

To evaluate the low cytokine response to CIlin
T-bet-Tg mice, we analyzed lymphocytes obtained after
immunization from draining lymph nodes and spleen.
The percentage and absolute number of T cells tended
to be lower in both the draining lymph nodes and spleen
of T-bet-Tg mice compared with B6 mice. Morcover,
significantly Jower numbers of total thymocytes and an
abnormal proportion of T precursor cells were observed
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in T-bet-Tg mice. The latter phenomenon could be due
to T-bet transgene expression on double-negative thymic
cells in T-bet-Tg mice. Because previous observations
showed that T-bet interferes with GATA-3 function (11)
and that GATA-3 was required for the development of
early thymic T cells (24), one of the reasons for abnor-
mal T cell development in the thymus might be the
dysfunction of GATA-3 by overexpression of T-bet.
These results suggest that overexpression of T-bet in
thymic T cells affects T cell development, is responsible
for the low number of T cells in spleen and lymph nodes,
and is related to the low cytokine production against CIT
in T-bet-Tg mice.

To assess the effect of T-bet on CD4-+ T cell
differentiation in T-bet=Tg mice, we performed in vitro
induction of Th17 cells. Analysis of T-bet~Tg micc
showed a reduction in IL-17-producing CD4+ T cells
and an increase in IFNvy-producing CD4+ T cells in
spite of the condition favoring Thi7 differentiation,
which indicates suppression of Thi7 cell differentiation
and predominance of Thi cell differentiation in vitro in
T-bet-Tg mice. These results did not contradict the
previous findings that the phenotype of polarized Thl
cells was not affected by Th cell-polarizirig conditions
(25). It is possible that suppression of Cll-reactive
IL-17 production in T-bet-Tg mice was not associated
with IFNy. For this reason, we generated T-bet-Tg/
TENy™~ mice and performed in vitro induction of Th17
cells in these mice. Surprisingly, in T-bet~Tg/IFNy ™~
mice, the levels of IL-17-producing CD4+ T cells were
also markedly reduced under Thl7 cell differentiation—
favoring conditions, indicating an IFNy-independent sup-
pressive pathway against Th17 cell differentiation. Al-
though previous studies showed that suppression of
Thi7 cell differentiation was mediated through IFNy
signal transduction (16), our findings allow us to propose
a new hypothesis: Th17 cell differentiation is regulated
by a pathway that is distinct from the IFNy signaling
pathway. Therefore, we suggest that T-bet expression
either directly or indirectly suppresses Th17 cell differ-
cntiation via an IFNy-independent mechanism.

Thx21 "expression was significantly higher in

- T-bet-Tg mice as compared with B6 mice, and FACS

analysis of Cll-zeactive CD4+ T cells revealed a signif-
icantly higher percentage of T-bet+ cells among the
CD4:t T cell subset in T-bet-Tg neice. While there was
no significant difference in the percentage of RORyt+
cells among the CD4+ T cell subset in T-bet—~Tg mice
as compared with B6 mice, Rorc expression was
down-regulated on Cll-reactive CD4+ T cells in
‘T-bet-Tg mice. In the case of CD4+ T cells under

T-bet OVEREXPRESSION IN MURINE AUTOIMMUNE ARTHRITIS

conditions favoring Th17 cell differentiation, RORyt
expression on CD4+ T cells from T-bet-Tg mice was
lower than that on cells from B6 mrice. Interestingly,
most of the RORyt+ cells also expressed T-bet in
T-bet-Tg mice, and the proportion of IL~-17-producing
RORyt+ T cells in the CD4+ cell subset was lower in
T-bet-Tg mice than in B6 mice. These findings support
the notion that overexpression of T-bet not only sup-
presses RORyt expression on CD4+ T cells, but also
inhibits the production of YL-17 from RORyt+ T cells.

Previous studies showed that RORyt expression
is positively regulated by several transcription factors,
such as runt-related transeription factor.1 (RUNX-1),
interferon regulatory factor 4, and STAT-3 (26-28).
Lazarcevic et al (29) recently reported that T-bet pre-
vented RUNX-1-mediated activation of the gene en-
coding RORqyt, followed by the suppression of Thi7
cell differentiation. In addition to direct promotion of
RORyt cxpression, RUNX-1 also acts as a coactivator,
together with ROR%t, and induces the expression of
Nl7a and MI7f (26); thercfore, T-bet inhibits IL-17
production by ROR#yt+- cells induced by RUNX-1 (29).
Although further studies will be required to identify

the effect of T-bet overexpression on the function of

RUNZX-1, it might be associated with the suppression
of Th17 cell differentiation that was observed in the
T-bet-Tg mice.

In conclusion, our results demonstrated that
overexpression of T-bet in T cells suppressed the devel-
opment of autoimmuné arthritis. The regulatory mech-
anism of CIA might involve dysfunction of Cll-reactive
Thi7 cell differentiation by overexpression of T-bet via
IFNvy-independent pathways. These findings should en-
hance our understanding of the pathogencsis of auto-
immune arthritis and help in the development of new
therapies for RA.
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p16™E42 Exerts an Anti-Inflammatory Effect through
Accelerated IRAK1 Degradation in Macrophages

Yousuke Murakami,*' Fumitaka Mizoguchi,* Tetsuya Saito,* Nobuyuki Miyasaka,*" and

Hitoshi Kohsaka®"

Induction of cyclin-dependent kinase (CDK) inhibitor gene pl6mm" into the synovial tissues suppresses rheumatoid arthritis
in animal models. In vitro studies have shown that the cell-cycle inhibitor p16™¥* also exerts anti-inflammatory effects on

rheumatoid synovial fibroblasts (RSF) in CDK activity-d

ducted to discern how p16™~¥

t and -independent s. The present study was con-

modulates macrophages, which are the major source of inflammatory cytokines in inflamed

synovial tissues. We found that p16™K guppresses LPS-induced production of IL-6 but not of TNF-« from macrophages.
This inhibition did not depend on CDK4/6 activity and was not observed in RSF. p16™54? gene transfer accelerated LPS-
triggered IL-1R-associated kinase 1 (lRAK1) degradation in macrophages but not in RSF. The degradation inhibited the AP-1
pathway without affecting the NF-xB pathway. Treatment with a proteosome inhibitor prevented the acceleration of IRAK1
degradation and downregulation of the AP-1 pathway. THP-1 macrophages with forced IRAK1 expression were resistant to

the plﬁ’“““-induccd IL-6 suppression. S t macr
production when pl6™¥+

with physiological expression of plﬁ""‘““ upregulated IL-6

was targeted by specific small interfering RNA. These findings indicate that p16™** promotes

ubiquitin-dependent IRAK1 degradation, impairs AP-1 activation, and suppresses IL-6 production. Thus, p16™54 senescence

PR Ty

gene upregul
Immunology, 2012, 189: 5066-5072.

case characterized by synovial inflammation, hyperplasia,

and destruction of the cartilage and bone. In rheumatoid
synovial tissues, lymphocytes and macrophages are recruited and
activated. These cells, especially activated macrophages, release
a large amount of inflammatory cytokines. In response to these
cytokines, synovial fibroblasts proliferate vigorously and form
villous hyperplastic synovial tissues called pannus. These fibro-
blasts also scerete inflammatory mediators that further attract in-
fi y celis and late growth of the synovial fibroblasts
as well as vascular endothelial cells (1). The pannus becomes the

R heumatoid arthritis (RA) is a chronic inflammatory dis-
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'y eytokine production in macrophages in a different way than in RSF.  The Journal of

source of tissue-degrading proteinases and activators of osteoclasts,
leading to destruction of the affected joints (2, 3).

The pannus formation results from proliferation of the synovial
fibroblasts driven by the inflammatory processes in RA. This fact
fed us to explore a new therapeutic approach that directly controls
the cell cycle of synovial fibroblasts. If the synovial fibroblasts
become refractory to the proliferative stimuli, no pannus should
develop (4). It has been known that the master molecules that con-
ol cell cycling are cyclin-dependent kinases (CDK) (5). Especially
CDK4/6 phosphorylates retinoblastoma gene product (pRb), which
liberates active E2F transcription factors {or ccll-cycle progression.
CDK inhibitors (CDKI) are intracellular proteins that inhibit kinase
activity of cycli/CDK complexes, CDKI pl6™K** inhibits CDK4/6
specifically, whereas CDK p21S'" inhibits a broad spectrum of
CDK (5). The intra-articular gene transfer of p16™¥** as well as
p21™! suppressed RA in animal models (4, 6). Tt inhibited histo-
logical findings characteristic to RA: synovial hyperplasia, mono-
nuclear cell infiltration, and destruction of the bone and cartilage
of the joints. Comparable therapeutic effects were observed when
the smatl-molecule (sm)CDKI was administered orally or i.p. (7).
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A scp series of our experi disclosed that cell-cycle pro-
gression is not the only function of CDK (8). CDK kinase activity
also regulates production of inflammatory molecules in a pRb-
independent manner. Also, it has been suggested that CDKI can
affect expression of inflammatory molecules in a CDK kinase-
independent manner.

The above studies were all carried out with synovial fibroblasts.
In rheumatoid synovial tissues, macrophages are the major source
of inflammatory cytokines that are critical for the resultant pa-
thology (9-11). The present study was conducted to explore how
p16™E affects expression of inflammatory cytokines from acti-
vated macrophages. We found that p16™** suppresses IL-6 pro-
duction in macrophages. The cffect was mediated by accelerated
degradation of IL-1R~ d kinase 1 (IRAK1).
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Materials and Methods
Reagents

Anti-p-p38 MAPK, anti-p-JNK, anti-p-IkB kinase (IKK)a/B, anti-p-MAPK
kinase 4 (MKK4), and anti-IxBa Abs were purchased from Cell Signaling
Tt.chnology (Danvers, MA). Biotin-labeled anti-TLR4 Ab and PE-labeled
were d from eBiosci (San Diego CA). Biotin-
labcled 13G1 was purchascd {from Beckman Coulter (Tokyo, Japan). Aati-
actin Ab and MG132 were purchased from Sigma-Aldrich (St. Louis, MO).
Anti-p16"™%** Ab was purchased from Millipore (Billerica, MA). Anti-
IRAKI1 Ab was kindly provided by Dr. Shizuo Akira [Osaka University,
Osaka, Japan (12)]. An smCDK4/6 sclective inhibitor, PD0332991, was
provided by Pfizer (Boston, MA) (13). IRAKI wild-type and knock

5067

Western blot analyses and electrophoresis mobility shift assay

Total cell lysate of BMM and rheumatoid synovial fibroblasts (RSF) were
subject to Western blot analyses with specific Abs. A primary Ab against
mouse actin was uscd for loading control. Peroxidase-conjugated anti-
mouse or rat IgG Abs were used as secondary Abs.

After preparation of nuclear lysates with the Nuclear Extraction kit {Active
Motif, Carlsbad, CA), EMSA was d with the second: ion gel
shift assay kit {(Roche, Tokyo, Japan). AP-1 and NF-xB consensus sequence
was purchased from Promega (Madison, WI).

Proliferation assay

bone marrow-derived macrophage (BMM) lysates were kindly provided by
Dr. James A. Thomas (University of Texas Southwestern Medical Center,
Dallas, TX).

Cells

BMM were isolated from 6-8-wk-old DBA1/J mice (Charles River Lab-
oratories, Yokohama, Japan) and cultured as described previousty (14). They
were cultured in RPMI 1640 medium containing rtM-CSF (50 ng/mi) or 10%
CMG14-12-conditioned media as a source of M-CSF (15). Human synovial
tissues were derived from RA patients X total joint repl

surgery or synovectomy at Shimoshizu National Hospital. Consent forms
were completed by the paticnts prior to the surgery. RA was diagnosed
according to the 1988 criteria of the American College of R

{16), Human synovial cells were prepared as described previously (8). Human
acute monocytic leukemia cell line THP-1 cells were culured and differ-
entiated 1o macrophages as described clsewhere (17). RAW264.7 cells were
culiured as described elsewh {18). For activation, cells were sti

with the optimal doscs of LPS, which were minimum dose to induce
maximum TL-6 production in cach cell type.

of (*H]thymidine uptake by RSE and BMM was performed
as described clsewhere (8, 14).

Flow cytometry analysis

BMM were stained with biotin-labeled anti-TLR4 mAbD or biotin-labeled
isotype-matched IgG1 followed by PE-labeled streptavidin, Data were ac-
quired with the FACSCalibur system (BD Biosciences, San Jose, CA) and
analyzed by CeliQuest (BD Biosciences) and FlowJo software (Tree Star,
Ashland, OR).

P,

Pre; ion of iral and ad. iral vectors

The human p16™%% and IRAK1 genes were cloned into the retroviral

expression vectors, pMX-TP and pMX-IN, respectively (pMX-p1675s?
and pMX-IRAK1). They had an internal ribosomal entry site and a re-
sistance gene for pharmacological selection (19), Using pSilencerS.1 (Applied
Biosysiems, Tokyo, Japun), recombinant retroviral vectors containing
murine CDK4- and IRAK I-specific short hairpin (sh)RNA sequences (IRAK1
sense, 5'-GATCCAGAGCCCATCCCTCCCCGTTTCAAGAGAACGG-
GGAGGGATGGGCTCTTTTTTTGGAAA-3', und IRAKI antisense, 5'-
AGCTTTTCCAAAAAAAGAGCCCATCCCTCCCCGTTCTCTTGAAAC-
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FIGURE 1. Effect of p1&"™** exp on IL-6 production in LPS. lated h BMM, THP-1, and RAW264.7 cells were infected

with pMX-IP (control) and pMX-pl6"’"'("= (p!ﬁ""“‘) retroviruses. (A) Cellular yrotcms were harvested. p16™% and actin expression were
detected with Western blot analyses. (B) [*HJthymidine was added to calture media of the BMM transductants. Incorporation of [*H}thymidine was
assessed after § h, (€) The BMM transductants were stimulated with LPS (10 ng/ml). Total RNA were harvested for TNF-« and IL-6, and mRNA

was ified with real-time PCR. The

of the cytokine mRNA were normalized to that of GAPDH mRNA and presented s fold change

relative to nontreated control cells. The TNF-a levels at 3 h and IL-6 levels at 6 b after stimulation were depicted because they were highest during
the observation. (D) The BMM transductants were stimulated with LPS (10 ng/ml) for 24 h. Culture supematants were collected, and IL-6 and TNF-a

levels quantified with ELISA. (E) TLR4 surface expression on BMM

was detected by flow cytometry analyses. (F) Differentiated THP-1

macrophages were stimulated with LPS (1 pg/ml) for 24  for quantification of IL-6 in the culture supernacants. (G) RAW264.7 cells were treated in

the same way with LPS (100 ng/ml). Data are rep ive of three il

*n < 0.01.

experiments and expressed as the mean * SD of triplicate wells.

+10T *€g Areruqaq uo nxjeieg ey 0ASueg 1e /G1o [ountwiul-Mam//duy wol) popeojumo

5068

GGGGAGGGATGGGCTCTG-3": CDK4 sense, 5'-GATCCGGTTGAGGT-
CATTGAGGATCTTCCTGTCAATCCTTAATGGTCTCAACCGGTTTTTT-
GGAAA-3', and CDK4 untisense 5'-AGCTTTTCCAAAAAACCK
AGACCATTAAGGATTGACAGGAAGATCCTCAATGACCTCAACCG-3")
were constructed (murine CDK4 short hairpin [shCDK4] and murine IRAK1
short hairpin [shIRAK1}). Short hzurpm RNA vcc(or for ncganvc com(ol
{shNC) was . from Applied Biosys

were prcparcd as described previously (20). Ccl)s were infected with the retro-
viruses in the presence of 6 pg/mi polybrene. One day afier the

TNHIBITORY EFFECT OF P16™** ON IL-6 PRODUCTION

|I\ey were exposed to puromycine (6 pg/ml) or ncomyeine (500 pg/ml).
lication-defective adenovi ining 2 human pl6 gene (AxCA-
P !6) and LacZ gene {AxCA-LacZ) were prepared as described previously (8).

Quantification of cytokine and IRAKI expression

Specific ELISA kits to quantify human and murine IL-6 and TNF-o in the
culture supernatants were purchased from R&D Systems (Minneapolis, MN).
Quantitative real-time PCRs for IL-6, TNF-at. IRAKI, and GAPDH were
carried out as previously described (21, 22). A pl6™%* gene-specific primer
set was purchased from Qiagen (Tokyo, Japan).

Small imterfering RNA transfection

To introduce small interfering RNA (siRNA) into BMM., 2 X 10° BMM
was incubated with 200 ul { 2 M siRNA containing 24 pl FuGENE-
HD transfection reagent (Roche) in Opti-MEM for 16 h. p16™**.
specific sikRNA (si-p1GA and B) and control siRNA were purchased from
Qiagen.

Statistic analyses

[*HIThymidine uptake, [IRAK1 and cytokine mRNA measurements, and IL-6
concentrations in the supernatants were compared with the Mana-Whitney
U test.

Results
p16™% supy 1 IL-6 expression in LPS-stinudated
macraphages

To study the effect of pl6™** on macrophages, BMM were infected
with pMX-p16 or control pMX-IP retroviruses. Ectopic p16™*
protein expression in the pMX-p16™*infected cells had been
confirmed with Western blot analyses (Fig. 1A). [*H]Thymidine
uptake by the pl6™ " expressing BMM was almost completely
suppressed compared with control virus-treated BMM (Fig. 1B).
Quantitative PCR showed that p16'™%** gene transfer signifi-
cantly suppressed IL-6 mRNA expression by BMM stimulated
with LPS, whereas TNF-a mRNA cxpression was not affected
(Fig. 1C). IL-6, but not TNF-a, production at the protein level was
also suppressed significantly in BMM expressing p16™<* (Fig. 1D).
LPS recognition receptor TLR4 expression was not modified by
p16™K* overcxpression, showing that TL-6 reduction was not due
to the TLR4 downmodulation (Fig. 1E). The murine macrophage
cell line RAW264.7 cells as well as human THP-1 cells that had
been induced to differentiate to macrophages produce JL-6 in re-
sponse to LPS, This response was also reduced by the plg™K®
gene transfer (Fig. 1F, 1G). Thus, pl6™ * genc transfer suppressed
I1.-6 expression in murine and human macrophages.

CDK4/6 inhibition did not affect IL-6 expression in
LPS-stimulated macrophages

Our previous study demonstrated that p16™ ** inhibited matrix

it i (MMP)-3 expression in RSF by suppressing
CDK4/6 kinase activity (8). To determine if the inhibitory effect of
p16"™54 on LPS-induced 1L-6 production in BMM depends on
CDK4/6 kinase activity, CDK4/6 selective inhibitor (PD0332991)
was added to the BMM culture. The CDK4/6 inhibitor suppressed
{*Hlthymidine uptake of BMM in a dose-dependent manner. Max-
imal inhibition was observed at 2 uM PD0332991 (Fig. 2A), which
did not affect viability of BMM (data not shown). The CDK4/6
inhibitor did not modulate LPS-induced IL-6 expression and pro-
duction by BMM, but it completely suppressed BMM proliferation
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FIGURE 2. Effects of direct CDK4/6 inhibition on IL-6 production in
LPS-stimulated BMM. (A) BMM were treated with or without indicated
concentrations of smCDK4/6-selective inhibitor PD0332991 (smCDKI)
for 24 h, and [’H]Lhymidinc uptake was assessed for the last 8 h. (B) BMM
swere treated with or without 2 mM smCDKI for [ h prior to LPS stimu-
Tation (10 ng/mi) for 6 h. IL-6 mRNA in the weated BMM were quantified
with real-time PCR. The amouns of the mRNA were normalized to that of
‘GAPDH mRNA and presented as fold change relative to nontreated cells.
{C) BMM were pretreated in the same manner and then stimulated with
LPS (10 ng/m1) for 24 h. IL-6 in the culture supernatants was measured
with ELISA. (D) BMM were transduced with shCDK4 or shNC. CDK4
and CDK6 mRNA in the BMM were quantificd with real-time PCR. (E)
BMM infected with shCDK4 and shNC were examined for (*HJthymidine
uptake during 8 h incubation. (F) BMM infected with shCDK4 and shNC
were stimulated with LPS (10 ng/mt) for 24 h, TL-6 in the culture super-
natants was measured with ELISA. Data are representative of three inde-
pendent experiments and expressed as the mean = SD of triplicate wells.
*p < 001

(Fig. 2B, 2C). To suppress CDK4 specifically, a retroviral vector
containing shCDK4 was prepared. In contrast with shNC transfer,
shCDK4 transfer suppressed CDK4 expression significantly, but
not CDKG6 expression, by BMM (Fig. 2D). As the [*H]thymidine
incorporation by BMM was inhibited by shCDK4, BMM depen-
ded primarily on CDK4 for phosphorylation of pRb (Fig. 2E).
Consistent with the effect of PD0332991, CDK4 knockdown by
shCDK4 did not affect LPS-induced IL-6 production (Fig. 2F).
Thus, inhibition of LPS-induced TL-6 production by pl6™<* did
not depend on the CDK kinase activity.

p16™%4 expression in BMM promoted IRAKI degradation

TLR4 signaling is mediated by quite a few signaling molecules. To
explore how p16™¥* inhibits IL-6 production in LPS-stimulated
BMM, we studied the expression of signaling molecules with
Western blot analyses and found that pi6™** gene transfer af-
fected IRAKT protein expression (Fig. 3A). Upon ligand binding
to TLR, MyD388 is recruited to the receptor and brings TRAK1 and
IRAK4 1o the receptor. This leads to phosphorylation of TRAKI,
which activates kinase activity of TRAK1 and then triggers degra-
dation of TRAKT itself (23). The IRAKI protcin level in pl6™<4~.
cxpressing BMM was comparable to that in control cells at the
unstimulated status. Upon LPS stimulation, the IRAK1 expression
was significantly downmodulated in p16™ *.expressing cells as
compared with control cells (Fig. 3A). The specific band was ob-
served in wild-type BMM but not in TRAK! knockout cells, dem-
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FIGURE 3. P ion of IRAK1 dation by
exogenous pl6™K, BMM transduced with pMX-IP
(control) and pMX-p16™5** (p16™F%) were stimu-
tated with LPS (10 ng/ml), (A) Cellular proteins were
harvested at the indicated time points, IRAKI and

actin expression was detected with Westemn blot anal- 16
yses {top panel). The density of the IRAKI bands were K
normalized to that of actin and presented as fold 214
change relative to nontreated control cells (botrom '§ .2
panel), Daw are rep ive of three exp g 1
and expressed as the mean = SD of three indepen- -
dent experiments. (B) IRAKI mRNA in the BMM E 0.8
was quantified with real-time PCR. The amount of =06
the IRAK1T mRNA were normalized to that of GAPDH by
mRNA and presented as fold change relative to non- g o4
treaicd control cells. Data are representative of three 502
experiments and expressed as the mean = SD of 20
triplicate wells, w o

onstrating that binding of anti-IRAK! Abs was specific (Fig. 3A).
p16™E%2 expression did not affect IRAKI mRNA levels, arguing
that the decrease of the IRAK1 protein was not due to the decrease
in gene transcription (Fig. 3B).

To discern if the same suppression is observed in RSF, p1
or control LacZ were transduced using an adcnoviral vector to
RSF and IL-6 production was measured after LPS stimulation.
Although [*H]thymidine uptake was inhibited in the pl6™K.
infected RSF, IL-6 production was nat altered (Supplemental
Fig. 1A, 1B). In accordance with this. IRAK] expression in RSF
in p16™****cxpressing and control RSF was comparable throughout
the LPS stimulation (Supplemental Fig. 1C).

6INK~::

pI6™ suppressed the AP-1 signaling pathway withow

suppressing the NF-xB signaling pathway

Upon LPS stimulation of macrophages, activaled IRAKI triggers
phosphorylation of p38 MAPK/JNK and TKKa/B, which leads
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10 activation of the AP-1 and NF-kB transcription factors (24).
Western blot analyses illustrated that ectopic ple™rs expression
suppressed phosphorylation of p38 MAPK and INK but not of
IKKo/ in BMM stimulated with LPS (Fig. 4A). Phosphoryla-
tion of MKK4, which is upstream of JNK, was suppressed by
p16™¥4 (Fig. 4A). Downstream AP-1 binding activity was also
reduced in pl6™ *cxpressing BMM (Fig. 4B). In contrast, IxkB
degradation, which is downstream of IKKa/B, as well as NF-kB—
binding activity were not affected by pl6™**" overexpression
(Fig. 4A, 4B).

‘We assumed that the impairment of the AP-1 pathway in pl
expressing BMM should be dircctly due to reduced IRAK1 protein
expression. To substantiate this, shIRAK1 was retrovirally transduced
in BMM. IRAKI protein was downregulated in the shIRAK1-
transduced cells in comparison with control cells (Fig. 4C). When
these cells were stimulated with LPS, AP-1 activation, but not
TxB degradation, was significantly suppressed in the shIRAKI-
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FIGURE4. Suppression of phosphorylation of p38 MAPK and JNK without affecting the IKKa/B-1sB pathway by pI6™%, (A) Transduction of BMM
with pMX-IP (control) and pMX-pl6™** (p16™**) retroviruses was followed by LPS (10 ng/mi) stimulation. Total cell lysates were collected at the
indicated time points and examined for p-p38 MAPK, p-INK, p-MKK4, p-IKK«/B, IkBo, and actin expression with Western blot analyses. (B) Nuclear

exwacts of the control and p16™<*

“.expressing BMM stimulated with LPS (10 ng/ml) for 1 h were examined for AP-1 and NF-xB binding activity with

EMSA. (€) shIRAK1 or shNC were transduced retroviraily into BMM. Protein levels of IRAKI and actin in total cell lysates were determined with Western
biot analyses. (D) Cells were stimulated with LPS (10 ng/ml). After 1 h, the cells were iysed, and AP-1 binding activity in the nueclear extracts was
examined with EMSA. After 30 min stimulation, the protein levels of IkBa in tatal cell lysates were determined with Western blot analyses. Data are

of three independ 7
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transduced cells (Fig. 4D). Thus, reduction of the IRAK1 protein
in BMM resulted in inhibition of the AP-1 signaling pathway
without affecting the NF-«xB signaling pathway.

pI6™ " induced IRAK] degradation was mediated by
proteosome parinsay

Tt was reported that TRAK1 degradation is modulated by the
ubiquitin-dependent protcosome pathway in LPS-stimulated
monocyte/macrophages (23). To inhibit this degradation pathway, a
proteosome-specific inhibitor, MG132, was added to the p1 6542
expressing BMM culture. This treatment prevented acceleration of
IRAKI degradation in p16"™**. duced cells (Fig. 5A). It also
restored p38 MAPK and JNK phosphorylation in pl6™K+.
expressing BMM, indicating that p16™<““induced IRAK! degra-
dation depends on the protcosome degradation pathway.

To determine if the observed IL-6 downregulation is a direct
conseq of accelerated IRAK! degradation, the p16™<** gene
was retrovirally transferred to THP-1 macrophages with or with-
out the exogenous IRAK1 gene. THP-1 macrophages were used
because primary BMM are too sensitive to neomyein and puromycin
treatment to select the transduced cells. As in BMM, p16™
suppressed LPS-induced IL-6 production by THP-1 cells. This
suppression was abrogated by cotransduction of the exogenous
IRAKI gene. Thus, IL-6 production was not downregulated without
reduction of IRAKI (Fig, 5B).

Inhibitory effect of end PpI6™% on 1L-6 production
gINKda

To discern if expression of endogenous pl cxerts the same
inhibitory effects, BMM were cultured to senescence as was de-
seribed previously (25). No endogenous pi6™5* protein was de-
tectable in log-phase growing BMM, whereas the senescent BMM
substantially upregulated the protein and mRNA of p16™** (Fig,
6A). These cells were then treated with two different siRNAs
against p16™5* to reduce p16™*** expression lovels (Fig. 6B).
TL-6 production from BMM was upregulated by LPS stimula-
tion and inversely proportional to p16™ 54" mRNA expression
levels (Fig. 6C). Thus, endogenous physiological pl6"™** ex-
pression can contribute to the suppression of the LPS-induced
1L-6 production.

Discussion

plﬁm'““ expression in macrophages suppresscd LPS-induced
production of IL-6 but not of TNF-a in a CDK4/6-independent
mananer. This was not observed in synovial fibroblasts. Molec-
ular analyses disclosed that it was due to the acceleration ol
pre diated IRAK1 degradation and following suppres
sion of the AP-1 signaling pathway. Thus. pl6™%** genc transfer
or its induction in synovial cells inhibits production of a part
of macrophage-derived cytokines in addition to proliferation of

INHIBITORY EFFECT OF P16™K* ON IL-6 PRODUCTION

A pgiKss

Control MG132
min 0 15 30 60 0 15 30 6015 30 60
T V] L — . .

Actin

1.6
14 ¢
1.2
1
0.8
0.6
04
0.2 |
0
min 0 15 30 60 0 15 30 60 15 30 60
———— ce——
Control  _________ MG132

p16iKe

Fold change in IRAK1 protein level

control p1giisa pqgiKea

+ + +
control control IRAK1

FIGURES. Protcome d y of p16™**.induced suppression of
IL-6 production, (A) BMM transduced with pMX-IP (control) and pMX-
pIENKIR (pglNKany i were pretreated with the p in-

hibitar MG132 (20 uM) for 1 h then stimulated with LPS (10 ng/ml) for
the indicated times. p-p38 MAPK, p-INK, TRAK]1, and actin in the total
cell lysates were detected with Western blot analyses (fop panel), The
density of the IRAK1 bands were normalized to that of actin and presented
as fold change relative to nontreated control cells (bottom panel). Data arc

ive of three experiments and expressed as the mean = SD of

synovial cells.

Recently, it was shown that TLR wiggering is relevant in rheu-
matoid inflammation. Endogenous ligands for TLR-2 and TLR-4
arc found in RA joints. These include gp96, fibrinogen, Hsp60,
Hsp70, hyaluronic acid, myeloid-related protein 8/14, and high
mobility group box chromosomal protein 1 (26). Indeed, TLR
inhibition by a domi gative form of the Toll/TL-1R domain
containing adaptor protein molecul pp! d the spc
production of proinflammatory cytokines and MMPs from RSF
(27). LPS was used as a TLR stimulator in this study.

p16™%* gene transfer suppressed IL-6 production via the pro-
moted IRAK1 reduction, because IRAKI coexpression prevented
the IL-6 reduction. Indeed, the upstream molecule of IRAKI.
IKKo/B, was phosphorylated equally in p16™**.expressing
cells and control cells. These findings also indicated that neither

three independent experiments. (B) THP-1 cells were double-transduced
with empty vectors (pMX-IP and pMX-IN controls: black bar), pMX-
PI6™* with pMX-IN empty vector control {white bar), or pMX-pl6™K®
and pMX-TRAK] (gray bar). THP-1 cells were treated with PMA for 2 d to

induce phage d iation and then stimulated with LPS (1 pg/inl)
for 24 h, TL-6 in the culture supernatants was measured with ELISA, Dat
ure ive of three experil and exp d as the mean = SD of

wiplicate wells. *p < 0.01.

downstream nor upstrcam molecule of IRAKI was affected by
pl6MKes,

Studies of IRAK I-deficient celis showed that IRAK1 activation
is an essential step in the TLR signaling pathways that leads to
NF-kB and AP-1 activation and subsequent production of proin-
flammatory cytokines (23, 28, 29). IRAK1 activation causes degra-
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FIGURE 6. 1nhibitory effect of endogenous plé"“('" on IL-6 production. (A) BMM cultured for 6 d were still in a logarithmic growth phasc (6 d).

whereas those cultured for 17 d reached repli
plgiNKsa

(17 d). End
mRNA expression in these cells was quantified with real-time PCR. The amounts of the pI6™¥** mRNA were normalized to that of

p16™FH qnd actin were detected with Western blotting analyses,

GAPDH mRNA and presented as fold change relative to BMM cultured for 6 d. (B) BMM werc transfecied with siRNA against pl6™F* (si-p16A

and B) and siNC. pl6™ " mRNA expression in the treated BMM was

d with real-ti

PCR. The of the pl6™  mRNA were

presented as fold change relative to siNC-treated cells. (€) These cells were stimulated with LPS (100 ng/ml) for 24 h. TL-6 in the culture super-

natants was measured with ELISA, Data are

d

4

P ive of two i
*p < 0.01.

1

dation of IRAKI itself, which induces tolerance against

experiments and expressed as the mean = SD of triplicate wells.

of TLR. Tolerant cells do not express [RAKI and thus fail to
activate both the NF-B and AP-1 signaling pathways in response
to repeated TLR ligation (30, 31). In contrast with [RAK-deficicnt
cells and LPS-induced tolerant cells, p16™¥*.expressing macro-
phages express a reduced but significant level of the IRAK1 protein.
These cells as well as macrophages with partial IRAK] knockdown
by siRNA had selective impairment of AP-1 signaling pathway.
These results are in concordance with previous observations that
siRNA against IRAKI do lated TL-1f3~induced prod:

of inflammatory cytokines without interfering with IkB degra-
dation and that IRAK1 knockdown impaired the AP-1 signaling
pathway (32, 33). It was of interest that different transeription
factors depend differentially on the IRAKT level.

IL-6 expression in monocytes/macrophages depends on NF-kB
and AP-1 pathways because loss of either pathway severely im-
paired 1L-6 expression (34, 35). In contrast, TNF-« expression in
menocytes/macrophages depends primarily on NF-xB because
mutation of the AP-1 binding site in the TNF-a promoter se-
quence did not alter its expression (36). This difference in AP-1
dependency should account for the differential effect on 1L-6 and
TNF-o expression in pl6™ *.expressing macrophages.

p16™K4 can make complexes not only with CDK4/6 but also
with other signaling molccules. In mouse embryonic fibroblasts,
pl(’)“"K"“ bound to JNK prevents its interaction with c-Jun, which
resulted in suppression of AP-1 activation induced by UV irra-
diation (37). In contrast to p16™¥* expression in macrophages,
its expression in mousc embryonic fibroblasts did not disturb
JNK phosphorylation. Another report demonstrated that p16™K*
in HeLa cells was associated with RelA, which is a component
of NK-xB (38). This association inhibitcd NF-kB activation in
HeLa cells, although we did not observe suppression of the NF-
«B signaling pathway in macrophages. Thus, the inhibition of
signal transduction by p16™X4 appeared to depend on the cell
types.

The promoted IRAK1 degradation by p16™5** could be ac-
celerated by either IRAK1 ubiquitination or by recruitment to the
proteasome. Polyubiquitination of signaling molecules triggers
enher protcosomc-dcpcndcnl protein degradation or activation of

lecules (39). K48 ubiq ion causes
the degradation of target molecules, whereas K63 ubiquitination
activates downstream signaling molecules. K48 ubiquitination of
IRAK] appears to trigger degradation because treatment with a

inhibitor. MG132, prevented the IRAK1 degradation
m HEK?293 cells stimulated with IL-1 (40). This agrees with the
previous observation that MG132 treatment prevented LPS-induced
IRAKI degradation and enhanced activation of the AP-1 sig-
naling pathway in THP-1 cells (17). These findings suggested
that p16™%* might enhance the K48 ubiquitination of IRAK1.
Unlike the ubiquitination processes, processes of IRAKI recruit-
ment to the proteasome are unknown. Because some specific
ubiquitin-receptor proteins may escort the ubiquitinated proteins
to the proteasome, pl6™*%* might enhance the function of the
ubiquitin-receptor proteins, A recent repart revealed that LPS-
induced TRAK1 degradation was regulated partly by micro-RNA
146a (miR146a) (41). However, the miR146a level in p16"™42-
expressing cells was close to that in control cells (data not shown),
suggesting that miR146a was not a primary contributor to the
downregulation of IRAK] in the p16™ X" expressing cells.
Cellular senescence is a potent anticancer mechanism that arrests
proliferation of cells at risk for neoplastic transformation. Fibro-
blasts in senescence develop a complex senescence-associated
secretory phenotype in vitro and in vivo (42-45). An increase in
IL-6 production is one of the principal indicators of seneseence-
associated secretory phenotype. However, p16™5% senescence
gene transfer did not affect IL-6 production from human fibro-
blasts (46). Another report demonqu’a!cd that IL-6 production

was upregulated in oncogene- brobl. even
when p16™ % induction was abolished with short hairpin RNA

(47). These findings indicated that plﬁlm""“ does not impact IL-6
production from senescent fibroblasts. In contrast, our present
study has revealed that exogenous and endogenous pl6™ <4
pression suppresses 1L-6 production in senescent macrophages,
showing that pl6™ " has inhibitory effect in macrophages. Fur-
thermore, induction of endogenous pt6™** in RSF suppressed the
arthritis model by systemic treatment of histone deacetylase in-
hibitor, suggesting that induction of endogenous plﬁ'"x"“ in
mucrophages as well as RSF can be useful for therapy of RA (48).

Our previous studies demonstrated that p16™** could suppress
proliferation aad MCP-1 and MMP-3 production of RSF in a
CDK4/6-dependent manner (8). Thus, plG'NK““ should exert anti-
arthritic effects in multiple ways. Retroviral and adenoviral p16™ <+
gene transfer have advantages and disadvantages in clinical set-
tings. Pharmacological means to induce endogenous p16™54 in
synovial cells of the arthritis joints should be investigated in future
studies.
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Abstract

RA is a condition of multiple synovitis. Abnarmal synovial vascularity (SV) is evident with the onset of joint
inflammation. The idea of estimating the level of joint inflammation by sonographic SV was conceived with
the advancement of US. The ideal treatment strategy, called treat to target (T2T), requires early diagnosis
and assessment of RA. Detection of positive SV can be useful for proving the presence of synovitis and
finally diagnosing RA. In the assessment of RA, US-based global scores aimed at assessing overall
disease activity have the potential to be useful for the achievement of T2T because US can directly
detect changes in synovitis. Remaining SV in local joints increases the risk of structural deterioration.
RA requires both improvement of overall disease activity and the disappearance of local SV for remission.
The evaluation of SV provides various information and contributes to the clinical treatment of RA.

Key words: rheumatoid arthritis, ultrasound, power Doppler sonography, synovitis, synovial vascularity, treat

to target.

Introduction

Today, why are rheumatologists enthusiastic to evaluate
synovial vascularity (SV) in patients with RA in daily
practice? RA is a condition of multiple cryptogenic syno-
vitis characterized by expansion of soft tissue and
destructive bone invasion at various joint sites that results
in systemic musculoskeletal dysfunction. The pathogen-
esis of rheumatoid synovitis has been strangly associated
with SV (Fig. 1).

Pathological explorations have tried to discover the
characteristic pathogenesis of rheumatoid synovitis, and
in recent years it has become apparent that with the onset
of ir ion, abnormal vascularization is evident in
the synovium due to vasodilation or angiogenesis [1-5].
A close relation between SV and synovitis has been con-
firmed. Presently SV is one of the hottest topics in
rheumatology clinics.

Various factors such as the variety of afflicted joint sites
or the diversity of disease progression may affect evalu-
ation of the disease activity of RA. Camposite scoring,
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which comprises clinical findings such as tender or
swallen joint counts, has been established to evaluate
the overall disease activity of RA. Clinical composite
scores such as the 28-joint DAS (DAS28), the Simplified
Disease Activity Index and the Clinical Disease Activity
index have been proven to be useful by various clinical
trials [6, 7]. Although these clinical composite scores
assess averall disease activity, they do not satisfactorily
alert the clinician to changes in local joints due to their
dichotomous judgment for each joint. To achieve deep
remission of RA and to halt all abnormal joint destruction,
the focus must be on detecting changes in local joint
inflammation.

Progress in digital technology has resulted in US
systems that produce high-quality images that enable
observation of small jeints. The novel idea of estimating
the fevel of joint inflammation by sonographic SV was
canceived with advancements in power Doppler US
{PDS). Newman et al. [8, 9] first reported the use of
PDS to detect abnormal SV, and Szkudlarek et al. {10]
compared PDS with dynamic MRI to assess synovitis in
finger joints and showed equivalency with both
techniques.

With advancements in treatments for RA, early diagno-
sis and treatment have come to the forefront [11-14]. In
response to this, new ACR/ European League Against
Rheumatism (EULAR) classification criteria were intro~
duced in 2010 [15, 16), These criteria specify that patients
with probable synovitis are first screened according to
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Fie. 1 Longitudinal US image of a metacarpophalangeal
joint in a patient with RA.

The multicolour fusion image of grey-scale and
corresponding power Doppler images shows inflamed
hypertrophic synovial tissue digitally stained in blue and
abnormal SV stained in red. MC: metacarpal head;

PP: proximal phalanx.

clinical findings. SV reflects the presence of synovitis in
the early stage with high specificity.

Here we review the potential of SV detected by PDS for
use in the diagnosis and assessment of RA.

Assessment of SV

PDS is essentially a flexible and sonographer-dependent
examination. Aithough PDS is useful for the assessment of
8V, reproducibility is a major problem [17]. Settings of US
machines and the scanning technique of the sonographer
can greatly influence the visualization of SV, which affects
reproducibility. Among the various US machine settings,
US parameters such as pulse repetition frequency influ-
ence the quality of PDS imaging. Further, deterioration of
the US transducer can adversely affect PDS imaging.
Thus appropriate machine settings and maintenance are
critical to ensure stable and reproducible PDS imaging. To
minimize problems of the scanning technique, standar-
dization of joint scanning has been studied by the
EULAR (18, 19]. Education of the sonographer and profi-
ciency in scanning are important for stable PDS imaging
and improves reproducibility.

To measure SV by PDS, a semi-quantitative scoring
system has been described (20} that comprises four scor-
ing categories (0, none;: 1, mild; 2, moderate; 3, severe)
determined by the area of SV and grossly scored from the
PDS images. This simple method has the advantage of no
requirement for additional devices or special software, but
reproducibility and reliability are problematic. Several clin-
ical trials, most performed by members of the EULAR,
have addressed these issues [21-24]. These studies
found that appropriate training in scanning technique
and reading of PDS images could improve and stabilize
the reproducibility and reliability of scoring. However, this
semi-quantitative scoring system might not be satisfac-
tory to assess joint inflammation because it includes
only four scoring categories. Therefore quantitative meth-
ods were established to measure SV in more detail
{25-27]. Several groups reported a quantitative method
to measure pixel counts of SV in the region of interest,

which was Jocated at in synovial tissue. Quantitative
measurement could show the level or changes of SV
numerically.

Because US is fundamentally a two-dimensionat (2D)
assessment, the images reflect a cross section of volu-
metric synovial tissue. Therefore the question of a dis-
crepancy between sonographic assessment and the
level of practical inflammation always exists. Recently
three-dimensional (3D) PDS has been developed that
enables assessment of SV at a volumetric level (28,
29). This method may have several advantages,
including image reproducibility and fewer training re-
quirements for scanning joints or reading images.
Naredo et al. [30] reported that 3D PDS showed repeat-
ability such that it could be used in multicentre cohort
studies of RA.

Abnormal SV in the early diagnosis of RA

Because abnormal SV is strongly associated with the
pathology of synovitis, logically, detecting abnormal SV
at symptomatic joints may be useful for proving the pres-
ence of synovitis and in finally diagnosing RA. We previ-
ously reported that when the sum of the levels of SV at the
finger joints in each undiagnosed patient exceeded a cer-
tain level, the patient was ultimately diagnosed as having
RA [31]. This result indicated the potential for detection of
SV to become a first-stage screening test for RA.
Importantly, diagnosis of RA requires not only detection
of synovitis, but also systemic evaluation including sero-
logical or clinical tests.

The new 2010 ACR/EULAR classification criteria for
RA were introduced with the aim of diagnosing RA earlier
than with conventional methods [15, 16]. Attempts to
combine the 2010 ACR/EULAR classification criteria
with detection of synovitis by US to improve diagnostic
power were reported from several groups [32-34].
Kawashiri et al. [33] reported that positive signs of sono-
graphically abnormal 8V in patients with undefined arth-
ritis were a stronger prognostic factor for developing RA
than were MRI findings or the presence of sonographic
synovial hypertrophy. Nakagomi et al. (34] reported that
US findings, including positive SV, had the power to con-
firm the presence of synovitis and increased the accur-
acy of the classification criteria. Thus, in the early
diagnosis of RA, detection of abnormal SV has the
potential to be used as a screening test or to confirm
clinical findings.

Change in SV for assessment of overall
disease activity in RA

Estimation of SV can be useful for assessment of disease
activity in RA [35]. Although the semi-quantitative scoring
system comprises only four categories, and thus is inad-
equate to assess changes in local joints, it could be useful
for assessment of overall disease activity in combination
with US estimation at several joints. US-based global
scores aimed at assessing overall disease activity consist
of the synovial hypertrophy score and SV score, These
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methods are expected to be more accurate and sensitive
than the clinical composite score, with numerous basic
studies in this area {36, 37]. However, this method may
have the disadvantages of high cost or being time
consuming in practical use. Several research groups
have produced unique US-based global scores that tar-
geted limited joint sites to prove these disadvantages
[38-44]. At present, there is no consensus as to which
score should be used for clinical trials or in daily practice
[45]. Additional and confirmatory trials are required to
establish a US-based global score. Of note, Backhaus
et al. produced a unique US-based composite score
called the US7, which targets seven joints to reflect dis-
ease activity. They reported results of several trials and
have steadily progressed in their study of this score
[43, 44).

Treat to target (T27) is a concept of ideal treatment of
RA that has become widespread internationally [46]. i
emphasizes that RA must be treated in the early phase
and tightly contralled by appropriate measurement of dis-
ease activity so that patients will receive maximum
therapeutic impact and achieve the goal of remission.
The US-based global scores have the potential to be
useful for the achievement of T2T because US can directly
detect changes in synovitis. The various US-based
composite scores mentioned here are now in the evalu-
ation process, and additional defailed analyses are
anticipated.

Change in SV for assessment of local
joints in RA

in our investigation focusing on local joints, we reported
that remaining SV at local joints increases the risk of
structural deterioration, despite the fact that anti-
rheumatoid therapy achieved low disease activity (LDA)
clinically at 8 weeks {25, 47]. Interestingly, these joints
tended to show improvement in clinical signs such as
joint pain or swelling and thus clinical composite scores
also showed improvement. Similar findings were re-
ported by another group [48]. Subclinical synovitis and
sonography were first reviewed by Bresnihan et al. {48},
and Brown et al. [50, 51] reported that detailed sono-
graphic observation detected subclinical synovitis in
patients with long-term clinical remission. These joints
with a poor prognosis were asymptomatic or mildly
symptomatic but showed positive SV at the local level.
Joints with remaining SV might be related to subclinical
synovitis, Further longitudinal observation may clarify this
relation.

We also reported that joints with a disappearance of SV
with simultaneous overall disease improvement showed
an improvement in joint prognosis [52]. Dougados et al.
(53] reported a similar conclusion in their multicentre pro-
spective trial. These results indicate that RA requires both
an improvement in overall disease activity and the dis-
appearance of local SV for remission and achievement
of T2T. Remaining SV at a local joint indicates ongoing
structural alteration. Recently the EULAR published

wvrseshoumatotogy.oxfortioumais.org

recommendations for the use of joint imaging in RA [54]
in which monitoring of inflammatory activity and prediction
of response to treatment by imaging were discussed.
Although PDS was considered useful for these purposes,
more detailed data are needed for PDS to became an
established examination tool. We have focused on the
response of SV to treatment that may predict structural
deterioration in local joints. Multicentre studies are neces-
sary to establish the mechanism of response of SV to
treatment.

In RA, accumulation of inflammation leads to the
progression of joint damage and, logically, time-integrated
SV consequently relates to a change in structural alter-
ation. Naredo et al. [55] showed that in the body overall,
time-integrated joint counts with positive SV are related
to the change in total Sharp score. We also reported
that local joints showed poor prognosis when SV
remained despite achievement of LDA clinically.
However, changes in structural alteration of the joint are
not related to time-integrated quantitative SV [52]. The
reason for this unexpected result is unknown. We specu-
lated that local synovitis might change to heterogeneous
inflammation in a condition of LDA that is neither that of
simple reduction of acute inflammation nor of prolonged
recovery. Further studies are needed to confirm these
results.

In daily clinical practice, joints with remaining SV are
often detected by PDS, however, there are no definitive
methods to treat them. Although these asymptomatic or
mildly symptomatic joints with poor prognosis, namely
those showing subclinical synovitis, need to be treated,
it is unclear whether systemic intensive therapy or topical
therapy are effective. Recently a research group called the
Targeted Ultrasound Initiative started a multicentre inter-
national study called Targeted Ultrasound in RA to inves-
tigate the effect of corticosteroid injection in joints with
remaining positive SV [56]. T2T emphasizes optimizing
treatment by appropriate disease assessment, and clin-
ical composite scores reflecting systemic disease activity
are mostly used at present. The use of local assessment
with US will help to achieve T2T.

Conclusion

Why should rheumatologists evaluate SV in RA? Early
diagnosis and assessment of disease activity are at the
heart of the T2T approach in RA. in the early diagnosis of
RA, detection of SV to discover synovitis could be used as
a screening test for entry into the ACR/EULAR classifica-
tion algorithm. A US-based global score consisting of
both the SV score and synovial hypertrophy score used
to assess overall disease activity may be more sensitive
and objective than the clinical composite score and thus
may be useful as a guide for optimizing disease treatment.
Also, changes in local SV have prognostic value for local
joint destruction that may lead to meticulous control of
inflammation. The evaluation of SV provides various im-
portant Information and contributes to the clinical practice
of RA (Fig. 2).
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Fie. 2 Usefuiness of SV in the clinical practice of RA.

Diagnosis Therapy

Remission
or
LDA

Signs of positive SV US-based global score is Remaining local SV

indicate synovitis useful to measure indicates sub-clinical
disease activity synovilis leading to

local joint destruction

Active RA

Disappearance of local
SVindicates
improvement of
prognosis in local joint

Information obtained from SV at each clinical point is shown.
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Radiographic Prognosis of Finger Joint Damage
Predicted by Early Alteration in Synovial
Vascularity in Patients With Rheumatoid
Arthritis: Potential Utility of Power Doppler
Sonography in Clinical Practice

JUN FUKAE," MASATO ISOBE,* AKEMI KITANO," MIHOKO HENMI,' FUMIHIKO SAKAMOTO,?
AKIHIRO NARITA,” TAKEYA ITO,' AKIO MITSUZAKI® MASATO SHIMIZU,' KAZUHIDE TANIMURA,?
MEGUMI MATSUHASHI,* TAMOTSU KAMISHIMA,* TATSUYA ATSUMI,® axp TAKAO KOIKE®

Objective. To investigate the relationship between synovial vascularity and progression of structural bone damage in
each finger joint in patients with rheumatoid arthritis (RA) and to demonstrate synovial vascularity as a potential
therapeutic marker.
Methods. We studied 250 met pophalangeal (MCP) and 250 proximal interphalangeal (PIP) joints of 25 patients with
active RA who were administered adalimumab or tocilizumab. Patients were examined with clinical and laboratory
Power Doppler sonography was performed at baseline and at the fourth and eighth weeks, Synovial
vascularity was evaluated according to quantitative measurement. Hand and foot radiography was performed at baseline
and the twentieth week,
Results. Clinical indices such as the 28-joint Disease Activity Score, the Clinical Disease Activity Index, and the
Simplified Disease Activity Index were significantly decreased by biologic agents. The MCP and PIP joints with ne
response in synovial vascularity between baseline and the eighth week (vascularity improvement of =70% at the eighth
week) showed a higher risk of radiographic progression pared with responsive joints (v larity impr of
>70% at the eighth week: relative risk 2.33-9). Radiographic progression at the twentieth week was significantly lower
in responsive joints than in nonresponsive joints.
Conclusion. The improvement of synovial vascularity following treatment with biolagic agents led to suppression of
radiographic progression of RA in each finger joint. The alteration in synavial vascularity numerically reflected
therapeutic efficacy. Using vascularity as a marker to determine the most suitable therapeutic approach would be
beneficial for patients with active RA.

INTRODUCTION

matism (EULAR} 28-joint Disease Activity Score (DAS28)
(1,2) have been utilized as markers of discase activity.

1248 Fukae et ol
P N 1 that improverment in synovial vascularity in response to
Slgmﬁcance & Innovations ! DMARD:s leads to suppression of radiographic progression

« In clinical practice recommendations for treatrent
of rheumatoid arthritis, tight control of disease
activity would lead to better joint prognosis.
Acgurate and direct markers of the joint inflamma-~
tion are essential for tight control of disease activ~
ity in place of traditional composite clinical indi-
ces.

Synovial vascularity reflects local joint inflarma-
tion. The early alteration in synovial vascularity
by antitheumatic therapy bhas potential to be a
therapeutic marker of joint destruction. Using sy-
novial vascularity as a guide to make therapeutic
decisions could be possible in the near future.

.

systemic improvement had been obtained (3). Considering
that one of the current goals of treatment for RA is to
prevent joint destruction (radiologic remission), establish-
ing new markers to reflect local inflammation precisely
and predict bone destruction in each joint have been the
subjects of enthusijastic research.

Appearance and incvease of synovial vascularity related
to vasodilation and angiogenesis indicate active joint in-
flavunation (4). Power Doppler sonography (PDS) enables
the visualization of synovial vascularity and has the ability
to represent local inflammation numerically (5). PDS has
been reported as a useful tool to detect axthritis in the eadly
stages and monitor disease activity (6,7). PDS has been
studied as a clinical device having the patential 1o provide
supplemented joint information in clinical practice (8,9).
‘While 4-graded semiquantitative scoring has been widely
used to evaluate synovial vascularity, we previcusly estab-
lished quantitative measurement of joint PDS that enables
the detection of detailed changes in logal finger joints (10).
In this study, we used quantitative PDS to investigate the
relationship between synovial vascularity and bone de-
struction for patients treated with discase-modifying anti-
rheumatic diug (DMARD) therapy, The results showed

in each local finger joint. To extend our previous findings,
we focused on biologic agent therapies that were more
drastic in their control of joint inflammation than
DMARDs. In this study, we investigated a potential rela-
tionship between synovial vaseularity and bone destruc-
tion during therapy with 2 different biologic agents, ada-
limumab (ADA) or tocitlizumab (TCZ).

PATIENTS AND METHODS

Patients. Twenty-five patients with RA who had ADA
or TCZ therapies were enrolled. All patients satisfied the
ACR 1987 revised criteria for the classification of RA {11).
The patients had been pretreated with DMARDs (ADA
group: 6 patients with methotrexate (MTX], 1 patient with
tacrolimus [TAC], 1 patient with bucillamine [BUC] +
TAC, and 1 patient with MTX + TAG; TCZ group: 8
patients with MTX, 1 patient with BUC, and 1 patient with
TAC) or pretreated with biologic agents (ADA group: 1
patient with MTX + infliximab [IFX}; TCZ group: 3 pa-
tients with MTX + IFX, 1 patient with MTX + stanercept,
and 1 patient with MTX + ADA)}. Despite these pretreat-
ments, all patients had at least 1 swollen joint of the
metacarpophalangeal (MCP)/proximal interphalangeal
(PIP) joints and showed a DAS28—erythrocyte sedimenta-
tion rate {ESR) of >2.7 mm/hour. Demographic, clinical,
and laboratory characteristics of the patients are shown in
Table 1. After baseline examinations, ADA was given to 10
patients and TCZ to 15 patients. The biclogic agents were
given according to the standard protocols (ADA 40 mg
subcutaneous injection biweekly, TCZ 8 mg/kg intrave-
nous infusion every 4 weeks). Biologic agent therapies
were continued throughout the study. None of the patients
received an additional or escalating dose of DMARDs or
steroid after the eighth week in the study. We performed
clinical and imaging examinations as described in each
section.

The study was conducted in accordance with the Hel-
sinki Declaration. Informed consent to the protocol ap-

Several biologic agents against theumatoid arthritis (RA)
have been developed for clinical application in the last
decade. For clinical trials and/or clinical practice, clinical
indices such as the American College of Rheumatology
(ACR) core data sct or the European League Against Rheu-

Although those general comprehensive markers have been
well established, neither the ACR core data set nor the
DAS28 predict precisely the destruction of each individ-
ual joint. Brown et al reported that some joints with poor
prognosis were detected in an individual patient, even if
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Table 1, Clinical and lak y ch of pati at bageline*

Adalimumab Tocilizumah All
Age, mean (range) years 52 (30~69) 57 (34-75) 55 (30-75)
Sex, no, female/male 10/0 14/1 24/1
Duration of symploms, months. 78 (42~225) 96 (51-144) 78 (48-150)
ESR, mm/hour 39 (23-52) 55 (35-69) 48 (33-64)
CRP level, mg/dl 0.29{0.03-0.69) 1.77 (0.53-2.9) 0.66 {0,22-2.43)
Swollen joiut count 3 {2-5) 5 (3-6) 4 (2-8)
Tender joint count 4 (2-9) 7 {4-10) 6 (3-9)
Patient’s global assessment by VAS 57 (41~76) 65 (40-74) 64 (40-75)
Examiner’s global assessment by VAS 45 (40-75) 50 (33-70) 50 (35-70)
DAS28-ESR, mean = SD 527 £ 1.21 5.34 £ 1.13 531 x1.14
CDAI mean + SD 22.6 £ 10.4 23 +11.8 22.8 111
SDAL, mean = SD 23.3 % 10.7 24.9 %121 243 =114
* Values are the median ile range) wnle: d d e; CRP = C-eactive protein; VAS =
wisual analog scale; DAS2E = 28<jaint Disease Aclﬁv:ty Scom, CDAL = Climca] Dlsease Activity Index; bDAI Slmpliﬁcd Disease Activity Index.
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ADA yCZ ments were analyzed by the chi-square test or by Fisher's
A 8} rf=002 P=0.0002 (] 15 exact test. Intra- and interobserver reliability of quantita-
7 ! ' tive PDS was estimated using calculations of intraclass
@ 6 [f’_i?j_\% - rf_f,g.{nﬁ& — ADA correlation coefficients (ICCs). The smallest detectable
§ i ALzeg Lz 10 - TCZ change (SDC) for the radiographic score change was cal-
ulated according to a previous study (15).
Sl ofe | BPasg. ° Bioaperon 9
2} =
! ; b RESULTS
Bsy 0 ¢ 8 ®» 0 4 8 » 0 e
40} P=00005 Pz 0.0044 s Clinical disease activity. The disease activity of the pa-
. 30 M\ puprn 0 20 40 60 80 100 tients at baseline is described in Table 1. In both the ADA
5 2 P=0271 P=09T7 ! Y p=0.472 Relative frequency (%) and TCZ groups, the DAS28-ESR, Clinical Disease Activity
Q f f % ’ Index (CDAI), and Simplified Disease Activity Index
10 % é @ % % (SDAI) were significantly decreased from baseline (Figure
o 1). There were no significant differences in any disease
C 50 0 4 8 20 0 4 8 20 activity markers between the ADA and TCZ groups for the
0 change from baseline to the fourth week (DAS28: P =
P20.0008 i 0.879. CDAL: P = 0.319, SDAL: P = 0.580) and for the
40 change from baseline to the eighth week (DAS28: P =
Z 30 - = 0, P2O.0 5 1853, : P = 0.907, SDAL P = 0.90).
é o P=0AT3 P=0,688 P=0.992 0.853, CDAI: P = 0.807, SDAL P = 0.90)
10 % é @ % % E Radiographic evaluation of joint damage. The radio-
o graphic images of the hands, wrists, and feet al baseline Figure 2. The change in synovial vascularity and bone destruc-
0 4 8 20 0 4 8 20 Wesks and the twentieth week in 25 patients were evaluated. The tion. 1;1 l‘he 191\‘5“51!01151 proximal il;ﬂg!’hf{hﬂsl%l i_l’;:‘é; imagke]s [fxl)’
. " = s o synovial vascularity improvement aseiine to eig weex)
Figure 1. The change in clinical indices and radi hi for adali b (ADA} and tocilizumab (TCZ). The graphs of the medians of the lotal Genant-nodified Sharp score (TGSS) and halting radiographic progression (baseline to twentieth week]}

28-joint Disease Activity Score {(DAS28) (A), Clinical Disease Activity Index (CDAI) (B), and Simplified Disease Activity Index {(SDAT)
(G) are showx. The lef side of cach graph is the course of ADA and right side of each graph is the course of TGZ. The cumulative probability
plots for change in total Genant-modified Sharp score (ATGSS) for ADA and TCZ (D} are also shown.

proved by the lacal ethics committee was obtained from all
patients.

Clinical examination. Swollen, tender joints and global
assessment on a visual analog scale were assessed at base-
line and at the fourth, eighth, and twentieth weeks by
rheumatologists (JF, MS, MM, KT) who were blinded to
ultrasonographic results. Blood tests for ESR and C-reac-
tive protein were performed at each visit.

Ultrasonography and assessment, Ultrasonography
was performed at baseline and at the fowrth, eighth, and
twentieth weeks by 1 of the 3 ultrasonographers (MH, FS,
AN) specialized in musculoskeletal ultrasonography who
were blinded to other clinical information. A 13 MHz
linear array transducer was used {Hitachi EUP-L34P).
Pulse Doppler settings were standardized for the dstection
of synovial blood flow by adjusting color gain, pulse rep-
ctition, and flow optimization parameters according to a
previous study (12). Power Doppler settings (75 dB dy-
namic range, medium persistence, medium frame rate, low
wall filter, 1,300 Hz pulse repetition frequency, flow opti-
mization: medium vein, 1,300 Hz speed velocity) were
identical throughout the examinations. Room temperature
was kept at 25°C. The patients were positioned comfort-
ably, and examinations were then started after 10 minutes
of stabilization of pulse rate. The scanning technique on
each finger joint was standardized and fixed as follows:
first through fifth MCP and first through fifth PIP joint
scauning was performed in the longitudinal plane over the

dorsal surface of the joint with light skin pressure, The
basic scanning technique followed the EULAR guidelines
(13). The synovial vascular area with the most pronounced
power Doppler activity was identified from the cine-loop
and stored. The PDS images wexe recorded in the haxd disk
of the ultrasonographic machine. All examinations were
completed within 15 minutes. The gquantitative PDS
method was established in a previous report (10). A syno-
vial vascularity value was determined by counting the
nuraber of vascular flow pixels in the region of interest
(ROI). The ROI was a standardized box type (5 mm X 10
mm) that was located to contain as many of the vascular
flow pixels as possible. Vascular flow pixels in the ROI
were measured automatically using the program’s vascu-
larity mode in the ultrasonographic machine (Hitachi
EUB-7500).

Radiography and t. Plain radiographs of the
hands, wrists, and feet were obtained at baseline and the
twentieth week. Radiologic assessments were examined
according to the Genant-modified Sharp score by a rheu-
matologist (MS) who was blinded to other clinical infor-
mation (14).

Statistical analysis. Statistical analyses were caloulated
with the use of the Excel program (Microsoft) and MedCalc
program 11.5.0.0. Differences between the 2 groups were
examined using either the Student’s t-test or a nonpara-
metric test (Wilcoxon’s signed rank test, Mann-Whitney U
test), as applicable. Categorical data of clinical improve-

for the ADA and TCZ groups at baseline were 95.8 (inter-
quartile range [IQR] 48.4—154.5) and 60 (IQR 47.8-128),
respectively. In both the ADA and TCZ groups, the TGSS
did not progress significantly from baseline to the twenti-
eth week (P = 0.636 and P = 0.843. respectively). The
cumulative probability plots of the change in TGSS
(ATGSS) from baseline to the twentieth week are shown in
Figure 1. At the twentieth week, 60% of patients treated
with ADA and 27% of patients treated with TCZ had no
radiographic progression (ATGSS =0). There was no sig-
nificant difference in the rate of number of patients with
no progression of TGSS (ATGSS =0) between the ADA and
TCZ groups (P = 0.122).

We next focused on local finger joints. Two hundred
fifty MCP joints and 250 PIP joints of 25 patients were
evaluated for changes in svnovial vascularity and the local
Genant-modified Sharp score (LGSS). The medians of the
LGSS in ADA therapy at baseline for the MCP and PIP
joints were 2 (IQR 1-4.25) and 1.5 {IQR 0.5-4), respec-
tively. The medians of LGSS in TCZ therapy at baseline for
the MCP and PIP joints were 2 (IQR 1-4) and 1.5 (IQR
1--8), respectively. The SDC values were calculated for the
LGSS for single MCP and PIP joints (0.35 and 0.28, respec-
tively). None of the calculated SDCs exceeded the smallest
unit of the scoring (0.5).

Relationship between change of synovial vascularity
and radiographic progression in local finger joints. Fin-
ger joints with positive synovial vascularity at baseline
were selected (ADA: MCP n = 28, PIP n = 22; TCZ: MCP
n = 60, PIP n = 47). The medians of the MCP joint synovial
vascularity were 355 (range 71-3,053) for the ADA group
and 1,207 (range 80~4,686) for the TCZ group, showing no
significant difference between the 2 groups (P = 0.0547).

(B) are shown. In the right second metacarpophalangeal joint,
images for synovial vascularity persistence (baseline to eighth
week) (C) and radiographi gression (baseline to twentieth
week) (D) are shoswwn. White arrows show the time course. The red
arrow indicales the occurrence of bone erosion,

The medians of PIP joint synovial vascularity were 497
(range 65-2,414) for the ADA group and 781 {range 74—
4,260) for the TCZ group, showing no significant differ-
ence between the 2 groups (P = 0.994). At the eighth week,
the medians of MCP joint synovial vascularity were 0
(range 0-1,917) for the ADA group and 142 (range
0-3,621) for the TCZ group, showing a significant decrease
from baseline (P = 0.0001 and P < 0.0001, respectively).
The medians of PIP joint synovial vascularity were 0
(range 0~213) for the ADA group and 0 (range 0~2.201) for
the TCZ group, showing a significant decrease from base-
line (P < 0.0001 in both cases).

We arbitrarily categorized these finger joints inlo 2
groups: the response group (R-group), with vascularity
improvement of >70% at the eighth week (ADA: MCPn =
21, PIP n = 18: TCZ: MCP n = 36, PIP n = 36). and the no
response group (NR-group), with vascularity improvement
of =70% at the eighth week (ADA: MCPn =7.PIP n = 4;
TCZ: MCP n = 24, PIP n = 11). Representative pictures for
change in Doppler sonographic images and corresponding
radiographic images are shown in Figure 2. In the ADA
group, 95% (20 of 21) of the MCP joints and 89% (16 of 18)
of the PIP joints in the R-group had no significant radio-
graphic progression (change in LGSS [ALGSS] =0} com-
pared with 57% (4 of 7) and 25% (1 of 4), respectively, in
the NR-group (P = 0.0376 and P = 0.0208, respectively). In
the TCZ group, 75% (27 of 36) of the MCP joints and 83%
(30 of 36) of the PIP joints in the R-group had no significant
radiographic progression compared with 42% (10 of 24)
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Table 2. Change in sy 1 larity and radiographic progression in local finger joints*
Joints with progression
(ALGSS >0)ftotal number
Regroup NR-group RR {85% CI} P
Adalimumab
MCP joints 1/21 3/7 8(1.11-73.2) 0.0398
PIP joints 2118 3/4 6.75 (1.63-28.0) 0.0086
Tocilizumab
MCP joints 9/36 14/24 2.33 (1.21-4.51) 0.0118
PIP joints 6/36 6/11 3.27 (1.32-8.11) 0.0105
All
MCP joints 10/57 17/31 8.13 {1.64-5.97) 0.0006
PIP joints 8/54 9/15 4.05 (1.85-8.67) 0.0003

* ALGSS = change in Jacal Genant-modified Sharp score; R-group = synovial vascularity response group; NR-group = synovial vascularity no response
group; RR = relative risk: 95% CI = 95% confidence interval; MCP = metacarpophalangeal; PIP = proximal interphalangeal.

and 45% (5 of 11), respectively, of the NR-group (P =
0.0145 and P = 0.0198, respectively). Assuming no re-
sponse in synovial vascularity (NR-group) as a risk factor
for radiographic progression, the NR-group had a signifi-
cantly higher risk compared with the R-group in both the
ADA and TCZ groups (Table 2). In the period from base-
line to the twentieth week, the ALGSS in the R-group was
significantly lower compared with the NR-group for both
the ADA and TCZ groups {Figuve 3).

Intra- and interobserver reliability for power Doppler
PDS. Representative PDS images for 20 MCP joints and 20
PIP joints were randomly chosen, and synovial vascularity

P=00199

A 10F o

ALGSS
o
5

ALGSS
&
§

-5 1 1,
NR-group R-grovp

was measured 3 times each by the 3 ultrasonographers
(MH, FS, AN). The obtained intrachserver ICC values were
0.997-0.998 for MCP joints and 0.895-0.999 for PIP joints.
The interobserver IGC values were 0.991-0.995 for MCP
jotnts and 0.992~0.999 for PIP joints.

DISCUSSION

In this pilot study, we found that synovial vascularity was
a direct marker of local joint inflammation and the early
alteration in synovial vascularity by antirheumatic therapy
was a potential therapeutic marker of joint destruction.
Recent biologic agents exert strong antiinflammatory ef-
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Figure 3. The change in the local Genant- mod)ﬁed sharp score (ALGSS). Mc{acarpoph&lmxgeal (MCP) ]omts and proximal interphalaugeal

(PU’] joints that were positive for sy line were

group (R-group)

arity
and no response group (NR-group; see Results) For the adahmumab treatment, the ALGSS of MCP ioims (A) and PIP joints (B) ave shown.
For the tocilizumab treatment, the ALGSS of MCP joints (C) and PIP joints (D) axe shown.
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fects in the short term; therefore, accurate and sensitive
measurement of their therapeutic efficacy is essential for
their appropriate usage (16,17). Although composite
scores such as the DAS28, CDAI, SDAIL and ACR core data
set had been widely used for RA assessment, such markers
do not directly reflect local joint inflammation. To closely
control disease activity, direct and sensitive evaluation for
local joint abnormality would be useful as well as those
general disease activity markers. For this purpose, we fo-
cused on synovial vascularity as an index of local joint
inflammation.

In this study, we selected ADA and TCZ for the inves-
tigation so as not to limit the clinical significance of syno-
vial vascularity to a single drug, While ADA is a represen-
tative biologic agent inhibiting tumor necrosis factor «,
TCZ has a different mechanism and reduces inflammation
by neutralizing the interleukin-6 receptor (18,19). There
was no difference between ADA and TCZ therapies in
clinical indices such as the DAS28, CDAI, and SDAI at
bascline. These clinical indices were decreased signifi-
cantly by treatment in both the ADA and TCZ groups and
suppressed bone destruction, as reported previously (20—
23). Gomparing these 2 therapies, the cumulative proba-
bility plots of the ATGSS showed that there was a space
between each of the curves (Figure 1). There was no sig-
nificant difference in the rate of number of patients with
no progression of TGSS (ATGSS = 0) between the ADA
and TCZ groups, We next explored a relationship between
synovial vascularity and bone radiographic progression in
local MCP and PIP joints. We observed synovial vascular-
ity at baseline and the fourth and eighth weeks. Previously
we had established a quantitative PDS method (10). All of
the ICCs calculated for intra- and interobserver reliability
during the PDS measur were acceptable in the
study.

Focusing on cach finger joint with positive synovial
vascularity at baseline, there was no significant difference
between ADA and TCZ for synovial vascularity. We found
that the synovial vascularity that did not respond to bio-
logic agents in the local finger joints (NR-group) showed a
higher risk for progression of joint destruction compared
to the respousive joints {(R-group) (Table 2). Additionally,
the R-group showed suppression of joint destruction (Fig-
ure 3). The 2 biologic agents with different therapeutic
mechanisms shared similar outcomes. The clinical impli-
cations of our results include an observed improvement of
synovial vascularity, suggesting that this physiclogic pa-
rameter is a potential therapeutic marker of bone destruc-
tion in each local finger joint.

In a previous study, we showed that improvement of
vascularity by DMARDs was correlated with suppression
of radiographic progression {10). In this study, we have
shown a correlation between the change in synovial ves-
cularity by biclogic agents and radiographic progression. It
is noteworthy that the synovial vascularity improvement
by the therapies js a sign of therapeutic response. Brown et
al (3,24) reported that joints with persistent vascularity
positively showed being a risk factor of joint destruction.
We further investigated the link between the change in
synovial vascularity and that of bone destruction in each

finger joint level, confirming a clear correlation between
them.,

In conclusion, change in synovial vascularity should be
a direct marker of therapeutic efficacy. According to the
EULAR recommendations for the treatment of RA, tight
control of discase activity in the early stage would be
necessary to obtain long-term improvement of the disease
(25).

In RA, an improvement of synovitis in the short term is
a first step toward the better outcome. It is interesting as
well whether synovial vascularity is a predictive marker
for bone destruction in the long texm. We further pursue
research on the relationship between synovial vascularity
and bone destruction. Although our pilot study was lim-
ited to a small number of patients and short-term observa-
tion, using synovial vascularity as a guide to make thera-
peutic decisions could control disease activity and
promise better prognosis.
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Adalimumab, a human anti-TNF monoclonal
antibody, outcome study for the prevention

of joint damage in Japanese patients with early
rheumatoid arthritis: the HOPEFUL 1 study
Tsutomu Takeuchl Hisashi Yamanaka Naoki lsh;guro Nobuyuki Mlyasaka

Masaya Mukai,® Tsukasa Matsubara Shoji Uchlda Hideto Akama
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ABSTRACT
Objectlves To evaluate the efflcacy and safety of
(MTX} in J patients
with early rheumatord arthritis (RA) who had not
previously received MTX or biologics.
Methods This rendomised, double-blind, placebo-
controlled, multicentre sludy evaluated adalimumab
40 mg every other week+MTX 6-8 mg every week
versus MTX 6-8 mg every week alone for 26 weeks in
patients with RA (<2-year duration). The primary
endpoint was inhibition of radiographic progression
(change (4) from baseline in modified total Sharp score
(mTSS)) at week 26.
Results A total of 171 patients received
adalimumab+MTX (mean dose, 6.2+0.8 mg/week) and
163 patients received MTX alone (mean dose,
6.6:+0.6 mg/week, p<0.001). The mean RA duration
was 0.3 years and 315 (94.3%) had high disease
activity (DAS28>5.1). Adalimumab+MTX significantly
inhibited radiographic progression at week 26 versus
MTX alone (AmTSS, 1.5+6.1 vs 2.4+3.2, respectively;
p<0.001). Significantly more patients in the
adalimumab+MTX group (62.0%) did not show
radiographic progression (AmTSS<0.5) versus the MTX
alone group (35.4%; p<0.001). Patients treated with
adalimumab+MTX were significantly more likely to
achieve American College of Rheumatology responses
and achieve clinical remission, using various definitions,
at 26 weeks versus MTX alone. Combination therapy
was well tolerated, and no new safety signals were
observed.
Conclusions Adalimumab in combination with
low-dose MTX was well tolerated and efficacious in
suppressing radiographic progression and improving
clinical outcomes in Japanese patients with early RA and
high disease activity.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflamma-
tory disorder that is associated with joint damage
and progressive disability, an increased risk of mor-
bidity related to comorbid conditions, and substan-
tial socioeconomic costs."™ Given the significant
imepact biologic therapies have had in the weatment
of RA, a paradigm shift has ecmerged toward earlier
inclusion of these therapies in the management of

RAZ * Furthermore, international guidelines pub-
lished in 2010 recommend a treat-to-target goal of
remission for patients with carly RA in order to
mitigate radiographic progression and long-term
disability® The cfficacy and safety of adalimumab,
a tumour necrosis factor (TNF)-¢ inhibitor, adminis-
tered as monotherapy or in combination with
methotrexate (MTX) for the treatment of RA has
been well established in clinical trials conducted in
Western countries.™* In early RA, the PREMIER
and OPTIMA studies demonstrated that initial com-
bination therapy with adalimumab and MTX was
superior to MTX alone in inhibiting radiographic
progression and improving clinical symptoms.® 7 1%

Translating efficacy and safety results of RA
Western-based studies to an Eastern populace can be
potentially misleading given the genetic, medical and
environmental differences (eg, body weight) observed
benween the two populations.' A limited number of
studies have evaluated the efficacy or effectiveness and
safety of adalimumab in Japanese patients. However,
these studies either assessed ada.bmumab monother-
apy | in moderate-to-severe RA™ or were retrospect-
ive? or postmarketing surveillnce swdies™ of
adalimumab monotherapy or combination therapy in
a population with a wide range of RA duration and
prior biologic and MTX experience. Thus, a rando-
mised, placebo-controlled study of adalimumab
+-MTX combination therapy in MTX-naive Japanese
patients with carly RA was lacking.

The current study, called adalimumab, a human
2nti-TNF monoclonal antibody, outcome study for
the persistent efficacy under allocation to treatment
strategies in early RA, or HOPEFUL 1, was con-
ducted to compare the cfficacy and safety of early
intervention with adalimumab+MTX versus MTX
alone for 26 weeks in inhibiting radiographic pro-
gression in MTX-naive Japanese paticnts with RA.

PATIENTS AND METHODS

Patients aged >20years were evaluated during
March 2009 and November 2010 from 94 centres.
Eligible patients had RA (1987-revised American
College of Rheumatology (ACR) eriteria),'” of
<2-year duration, 2 tender joint count 210, a
swollen joint count >8, a C reactive protein (CRP)
level >1.5 mg/dl or erythrocyte sedimentation rate
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(ESR) 228 mm/h, and had 21 joint erosion or were rheumatoid
factor positive. Patients had not previously received MTX, leflu-
nomide or >2 other disease-modifying antirheumatic drugs
(DMARDs). Patients who had previously received cyclophos-
phamide, cyclosporine, azathioprine, tacrolimus or biclogic
DMARDs (eg, anti-INF-¢ therapy) and patients with a chronic
infection, interstitial pneumonia, or a history of tuberculosis or
malignancy were excluded from the study.

The phase I trial consisted of a randomised, double-blind,
placebo-controlled, 26-week phase followed by a 26-weck
open-label  extension phase  (clinicaltrials.goy  identifier,
NCTQ0870467; only 26-week double-blind data presented).
After a 4-week washout period for patients taking eligible
DMARDs and a >2-week screening period for all patients, par-
ticipants were randomised (1 : 1) to receive subcutancous adali-
mumab 40 mg or placebo every other week, both administered
in combination with oral MTX 6-8 mg/week (adalimumab
+MTX vs MTX alone) for 26 wecks. Treatment with MTX
was initiated at 6 mg/week and increased to 8 mgfweek in
patients who did not experience >20% decrease from bascline
in tender or swollen joint counts on or after week 8, unless
investigators indicated a safety concern. In addition, reduction
of the MTX dose to 4 mg/week was permitted at the investiga-
tor’s discretion, All patients received concomitant oral folic acid
5 mgfweek. Patients who experienced a >20% increase from
baseline in tender and swollen joint counts at weeks 12, 16 or
20 were to discontinue blinded treatment with adalimumab or
placebo and were cligible for open-label rescue treatment with
adalimumab 40 mg every other week.

The primary endpoint was inhibition of radiographic progres-
sion assessed as the change from baseline (4) in modified total
Sharp score (mTSS) at week 26, All single-emulsion radiographs
of the hands (posteroanterior view) and feer (anteroposterior
view) obtained from a patient were scored by two independent
readers blinded to patient and treatment, as previously
described,f with the exception that the triquetrum/pisiform

joint was not scored for crosions and the first interphalangeal
joint was not scored for joint-space narrowing (range, 0~380)
(see online supplementary text for more information).
Secondaty efficacy endpoints included ACR responses'® * by
visit; clinical remission (the 28-joint disease activity score with
ESR (DAS28-ESR)<2.6) at week 26, #* and change from base-
line in the Health Assessment Questionnaire disability index
(HAQ-DI)** at week 26. Several additional post hoc analyses
were conducted, including assessments of the DAS28-CRB
simplificd disease activity index (SDAD™ and clinical disease

activity index (CDAI) scores®® over time; clinically relevant
radiographic p ion (AmTS5>3); Buropean League Against

Rheumatism yesponses™ at week 26; and clinical remission,
defined 25 DAS28-CRP<2.62¢ SDAT<3.3” » CDAIg2.8%
or meeting Boolean remission criteria,” at week 26. Low,
medium and high disease activity was also determined using
DAS28-ESR, DAS28-CRL SDAI and CDAIL Adverse events
(AXs) and clinical laboratory parameters were routinely moni-
tored during the study, A 28-day follow-up after the completion
of or discontinuation from the study and a 70-day follow-up
after the last dose of adalimumab administration were con-
ducted to evaluate safety.

Statistics
The primary endpoint was analysed using the Wilcoxon rank
sum test for observed data with a separate supportive analysis
using linear extrapolation (LE) to impute missing values.
Secondary endpoints were analysed using the Fisher’s exact test
and Wilcoxon rank sam test for discrete variables and continu-
ous variables, respectively. Non-responder imputation was used
for binary variables, and the last-observation-carried-forward
approach was applied for continnous variables. The safety popu-
lation included all randomised patients who received >1 dose of
study medication and had >1 efficacy assessment.

To identify baselinc predictors of no radiographic progression
(mTSS<0.5) and clinical remission (DAS28-ESR<2.6),

| 406 patients provided consent l

72 not randomized

334 randomized ]

171 received adalimumab + MTX | |163 received placebo + MTX
™ 12 discontinued* |— 8 discontinued*
7 had AE 4 had AE
3 withdrew consent 2 withdrew consent

2 had other reason

—l 14 received rescue treatment

4 discontinued
0 had AE
1 withdrew consent
3 had other reason

148 completed

2 had other reason

L1 28 received rescue lreatment

4 discontinued
1 had AE
2 withdrew consent

1 had other reason
| 128 completed

Figure 1 Patient disposition through week 26. *Three adalimumab-+MTX patients and one MTX alone patient discontinued from the study by
week 26; however, they were included in the efficacy analyses at week 26. AE, adverse event; MTX, methotrexate.
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univariate logistic regression analysis was performed, applying
24 baseline demographics and discase characteristics, Significant
(p<0.1) variables in univariate were included in multivariate
models. Last, multivariate models were selected based on model
fit statistics (Akaike information criterion and r?) and clinical
significance. Adjusted OR and 95% ClIs for sclected baseline
variables were calculated.

RESULTS

Overall, 334 patients were randomised to treatment and
reccived adalimumab+MTX (n=171) or MTX alone (n=163),
and 148 (86.5%) and 128 (78.5%) paticnts completed the
double-blind portion of the study, respectively (figure 1).
Demographics and baseline characteristics were well matched
between treatment groups (table 1). The mean RA disease dur-
ation was 0.3 years, and the majority of patients had >1 erosion
at baseline and high disease activity. The mean MTX dose
during the 26-week study was 6.2:2:0.8 mg/week in the adalimu-
mab+MTX group and 6.6:0.6 mghweek in the MTX alone
group (p<0.001). After 26 weeks of treatment, 34.5% (59/171)
of adalimumab +MTX patients were receiving MTX 8 mg/week
versus 65.0% (106/163) of MTX alone patients (p<0.001).

Radiographic progression

T with adali b+MTX significantly inhibited radio-
graphic progression (figure 2A) at week 26 versus MTX alone
(mean  changexSD, 1.5%61 vs 24:3.2, respectively;
p<0.001). Results were confirmed by an LE analysis (figure
24). Changes in radiographic progression during 26 wecks of
treatment were also assessed by a cumulative probability plot of
AmTSS (figure 2B), Fewer adalimumab+-MTX patients exhib-
ited radiographic progression (AmTSS>0.5), with 62.0%
(106/171) of patients showing no radiographic progression
versus 35.4% (57/161) of MTX alone patients {p<0.001).
Furthermore, only 14.0% (24/171) of adalimumab+MTX
patients exhibited clinically relevant radiographic progression
(AmTSS>3) versus 37.3% (60/161) of MTX alone patients
{p<0.001). In addition, a significantly igher f ge of ada-
Jimumab-+MTX patients did not experience worsening (£0.5)
in erosion score (73.79% (126/171)) versus MTX alone paticnts
(42.2% (68/161); p<0.001). In paticnts who lacked bascline
erosive damage, the continued absence of erosions was reported
in more adalimumab+MTX patients versus MTX alone patients
(9/9 vs 2/6 patients, respectively; p=0.01).

Clinical response

A significantly higher percentage of adalimumab+MTX patients
achieved ACR responses versus MTX alone patients at each
assessment (figure 3A-C). Significant differences between treat-
ment groups, observed as early as week 2, were maintained
through week 26. At week 26, a significantly larger percentage
of adalimumab+MTX patients versus MTX alone patieats
achieved ACR20, ACRSO and ACR70 (figure 3A-C) and
ACRS0 (12.9% vs 5.5%; p=0.02) responses. Significant differ-
ences in favour of adalimumab+MTX were also observed from
week 2 to 26 for DAS28-ESR, DAS28-CRE SDAI and CDAI
(sec online supplementacy figure 1A-D). A larger percentage of
adalimumab+MTX patients than MTX alone patients demon-
strated good or moderate European League Against Rheumatism
responses (figare 3D) and were in states of low disease activity or
remission after 26 weeks of treatment (figure 3E). Furthermore,
a significantly larger percentage of ada]unumab+M'I')( patients
versus MTX alone p ission criteria
(19.3% vs 8.69%, p—O 007). Adalimumab-+MTX achieved a 1.8-

- Clinical and-épidemiolagical research’

Table 1 Demographics and baseline characteristics

Parometer®

AgexSD (year)
Females (n (%))
RA duration£SD (year)
Weight2SD (kg}
Frevious DMARD use (n (%))
1 DMARD
2 OMARDS
Corticosteroid use at baseline {n (%))
RF positive (n (%))
Mean titre£5D {(IU/ml)
Ant-CCP positive (n (%))

Mean tiwe:SD (U/ml) 385.22694.2
ESR (mmih) 59.9430.1 g
CRP {mg/dl) 29130 31233
Swollen joint count (n£5D)

0-28 11.524.7 118353

0-66 16,5262 17377
Tender joint count {n£SD)

0-28 13.245.8

0-68 20.749.4 B
miss 1364223 13, 6&174
Erosion score 75£11.6 73£9.2
Joint space namowing score 622114 62494
DAS28-ESR 66209 66£1.0
DAS28-CRP 58x1.0 59510
HAQ-DI score 11207 13208
SDAiscore 40.7:£12.0 4142138
COAl score 37.84109 383124
Physician's global assessment of 65.8218.4 66.2:18.8
disease activity£5D (mm)
Patient's glabal assessment of disease  64.1224.8 6642237

activity=SD (mm)

*Data are mean5D unless otherwise indicated.

CCP, gydic dtrullinated peptide; COAL, clinice! disease activity index; CRP, C reactive
protein; DASZB-CRP, disease activity score using a 28-joint count and CRP-level;
DASZS iSlL dsease acnvny score using & z&mmt caunt and ESR; DMARD

3 uon rate; HAQ-DI,
Meallh I\ssessmem Quemonnaue dsa\nhm mdm(, m’{SS modlﬁed total Sharp score;
M d artheitis; RF, d factor; SDAJ, simplificd

disease activity mdax

to 2.2-fold increase in the p ge of pati hieving clin-
ical remission, across all definitions of clinical remission evalu-
ated, versus MTX alone.

A significantly larger d from b in mean HAQ-DI
score, indicative of an improvement in physical function, was
observed for adalimumab+MTX patients versus MTX alone
patients at week 26 (—0.6:0.6 vs —0.4+0.6; p<0.001). Although
the significant difference betwcen the two groups was small
(0.2 units), the percentage of patients achieving normal functional-
ity (HAQ-DI score<0.5) after 26 weeks of treatment was also sig-
nificantly higher with adalimumab+MTX (figure 3F).

Factors associated with the absence of radiographic
progression or with clinical remission

Disease activity or function baseline variables generally were
associated with the absence of radiographic progression
(AmTS$S<0.5) and with clinical remission (DAS28-ESR<2.6) in
both treatment groups (sec online supplementary text and
online supplementary table 1).

Takeuchi T, et af. Ann Rheum Dis 2013;0:1-8. doi:10.1136/anntheumdis-2012-202433



—EIT—

Downloaded from ard.bmj.com on February 18, 2013 - Published by group.bmj.com

Figure 2 (A) Box plot of change A Observed LE
from baseline in mTSS at week 26 with 14
adalimumab+MTX versus MTX alone
and (8) hcumu%ative grob?bi]ity plot of 12
mean change from baseline to week R
26 in mTSS score {LE). Thickened , 1 po.001 pe0001
horizontal lines in (A) indicate median % 8
values, the boxes mark the interval 2
between the 25th and 75th t &1
percentiles, whiskers indicate the IQR S +4.3
and mean values are reported in the s .
boxes. No radiographic progression g a- +24
{change from baseline in mTS$<0.5) S5 5 [+23] -
was reported in 62.0% (106/171) of 0 L
adalimumab+MTX patients versus l
35.4% (57/161) of MTX alone patients -2
{p<0.001). No dlinically relevant i -
radiographic progression (change from Adatimumab +MTX  MTXalone Adalimumab +MTX  MTXalone
baseline mTSS<3) was reported in (n=148) (n=128) (n=171) (n=181)
86.0% (147/171) of adalimumab+MTX
patients versus 62.7% (101/161) of P
MTX alone patients (p<0.001) (). B : I
LE, linezr extrapolation; mTSs, 307« Adatimumab + MTX {n=171) ®
modified total Sharp score; MTX, 5] — &
' p Value d L 25 oMTX alone (n=161) P
using Wilcoxon rank sum test. » 2 P
x'f’é 15-] -
£ §
g " 62.7% .
2 5~ 35.4% o
o ¥ 3.0
o] )
5 0% 86.0%
e T T T T
o 25 50 75 100

Safety

The mean treatment duration during the double-blind phase was
168.7:+36.6 days for adalimumab+MTX patients (mean camu-
lative adalimumab dose, 477.4:2104.5 mg) and 162.8:38.6 days
for MTX alone paticnts. Overall, there were 376 and 302 AEs
reported in the adalimumab+MTX group and the MTX alone
group, respectively. There were no significant differences in the

‘percentage of patients with AEs in the adalimumab+MTX group

(80.7% (138/171)) versus the MTX alone group (71.8% (117/
163)), and the incidence of severe AEs was rare (table 2). No sig-
nificant differences in the incidence of AEs of interest were
observed between the two groups, with the exception of
injection-site reactions, which were reported in 10.5% of adali-
mumab+MTX patients and 3.7% of MTX alone patients
(p=0.02; table 2). Serious infections were observed in two adali-
mumab+MTX paticnts (one case each of pneumonia and infec-
tious enteritis) and one MTX alone patient (Premmocystis
Jiroveci pneumonia), occurring at rates of 2.5 and 1.4 events per
100 patient-years, respectively. There were no reports of demye-
lination, tuberculosis or malignancy during the study. One death,
due to worsening of interstitial lung disease, occurred in the
MTX alone group.

DISCUSSION

The HOPEFUL 1 study was designed to evaluate the efficacy and
safety of adalimumab in combination with MTX in Japanese
patients with early RA. This is the first description of a clinical trial
of antiTNF therapy+MTX versus MTX alone in MTX-naive

Patients (%)

Japanese patients with carly RA and high disease activity. It is also
the first randomised trial evaluating the efficacy of anti-TNF
therapy+low-dose MTX versus low-dose MTX alone for the
inhibition of radiographic progression in any patient population.
“This study extends observations from Western studies of adalimu-
mab by demonstrating the superiority of adalimumab+MTX. to
MTX alone for the inhibition of radiographic progression and
improvement in clinical ontcomes in Japanese patients with early
RA. M , the combination of adali b+MIX signifi-
cantly improved a wide array of clinical and functional discase
activity measures and responses versus MTX alone, with improve-
ments observed as carly as the first assessment (week 2) and main-
tained through the 26-week double-blind trial.

Following 26 weeks of treatment, the mean AmTSS (primary
cendpoint) in adalimumab-+-MTX patients (1.48) in the carrent
study was significantly smaller than observed in MTX alone
patients (2.38). In addition, a similar trend in inhibition of
radiographic progression in paticnts with early RA was obscrved
in the OPTIMA study, with a smaller mean AmTSS in adalimu-
mab+MTX patients (0.15) versus MTX alone padents (0.96;
p<0.001).'* The difference between the two treatment groups
(0.8) at week 26 was similar to the difference obscrved in the
current study (0.9 (observed)).”® Furthermore, baseline charac-
teristics, including RA duration, in the two studies wexre gener-
ally similar, but the OPTIMA study had 2 lower percentage of
previous DMARD use,

A similar trend in inhibition of radiographic progression in
the current study was observed in the PREMIER swudy, with a
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Figure 3  Percentage of patients with an (A) ACR20 response, (B} ACRSO response or (C) ACR70 resporise over time; (D) the percentage of patients
with a EULAR response at week 26; (E) the percentage of patients with low, medium or high disease activity at week 26; and (F) the percentage of
patients achieving functional remission (HAQ-DI score<0.5) at week 26. The following values were used to identify remission, low, medium and high
disease activity for each clinical assessment in (E): DAS28-ESR or DAS-CRP (<2.6, >72.6-<3.2; 23.2-<5.1, >5.1, respectively), SDAI (<3.3,
>33-<11.0, >11.0-26.0, >26.0, respectively), and CDAI (<28, >2.8-<10.0, >10.0-522.0, >22.0, respectively). *p<0.001 versus MTX alone.

1p=0.03 versus MTX alone. ACR, American College of Rl logy; ADA,

b; COAl, clinical disease activity index; DA, disease activity;

DAS28-CRP, disease activity score using a 28oint count and C reactive protein level; DAS28-ESR, disease activity score using a 28-joint count and
enythrocyte sedimentation rate; EULAR, European League Against Rheumatism; HAQ-DI, Health Assessment Questionnaite disability index; MTX,

methotrexate; SDAI, simplified disease activity index.

smaller mean AmTSS in adalimumab+MTX patients (0.8)
versus MTX alone patients (3.5; p<0.001). However, the mean
difference in radiographic progression between the two treat-
ments groups, although statistically significant, was smaller
in the current study (0.9 (observed); 2.0 (LE)) than in the
PREMIER study (2.7).

In the current study, the SD for the mean AmTSS at weck 26
was generally high. When the median AmTSS was compared
using observed dats, results were in good agreement between
the PREMIER study (0.0 (adalimumab+MTX) vs 1.3 (MTX
alone); data on file) and the current study (0.0 (adalimumab

+MTX) vs 1.0 (MTX alone)), Alternatively, the smaller differ-
ence in improvement observed in the current study may also be
related to the mTSS scoring method used, but this seems
unlikely because only two joints assessed in PREMIER were
omitted from scoring in the present analysis. The mean duration
of RA was also shorter in the current stady (0.3 years) versus the
PREMIER study (0.7-0.8 years), although the percentage
of patients who had previously taken DMARDs was higher
(43.3-53.4% vs 31.5-32.5%). There were also slight differences
in mean baseline tender and swollen joint counts and CRP
levels, which were higher in the PREMIER study and considercd
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Table 2 Adverse events (AEs)

Patients (n (%))

Adalimumab+MTX MIX
Parameter {n=171) (n=163)
Any AE 138 (80.7) n7(1.8)
Severe AE 1(0.6) 1{0.6}
Serious AE 7.1 4{24)
Infectious AE 59 (34.5) 48 {29.4)
Serious infection 2(1.2) 1(0.6)
AEs leading to study dug 71{4.1) 6(3.7)
discontinuation
AEs of interest
Elevated fiver function test level 32080t 21 (12.9)t
Injection-site reaction 18 (105)" 6(3.7)
Haematological event 7{4.0) 8 (4.9)
Allergic reaction 1 (0.6} 2(1.2)
Interstitial lung disease 1(0.6) 1(06)
Lupus-like syndrome 0 1{0.6)
Opportunistic infection 0 1(0.6)

*p=0.02 versus MTX.
1294% of events were mild in severty.
MTX, methatexate,

related to the longer duration of RA at baseline vessus the
current study. Farthermore, the MTX dose of 6-8 mg/week,
although consistent with the dosage commonly administezed in
Japan at the time the study was conducted, was substantially
lower than that commonly administered in Western countries
(eg, 15-20 mgfweek). In the PREMIER study, MTX was
initiated at 7.5 mg/week, increased to 15 mg/week during weeks
4-8, and increased to 20 mg/week starting at week 9. In add-
ition, the mean MTX dase during the 26 weeks of the current
study was significantly lower in the adalimumab+MTX group
(6.2::0.8 mg/week) versus the MTX alone group (6.6%0.6 mg/
week; p<0.001), thereby potentially impacting the AmTSS and
thus the maximal difference observed between the two treat-
ment groups. Therefore, these multiple differences may have
contributed to the small difference in radiographic outcomes
between the current study and the PREMIER study. Whether
the difference in radiographic outcomes can be explained by dif-
ferences between Japanese and Western populations remains
unclear, although this seems unlikely. Longer-term studies may
help elucidate potential differences in outcomes.

Since this study was conducted, the maximum approved
MTX dosage in Japan has been increased from 8 to 16 mg/week
in patients with RA. Therefore, this study provides important
information on the efficacy of low-dose MTX and anti“TNF
therapy versus low-dose MTX alone for the inhibition of radio-
graphic progression. Data suggest that patients with early RA
who may not tolerate higher doses of MTX will likely benefic
from adali b-+low-dose MTX bination therapy.

Given the lower MTX dose prescribed, one could question
whether we might only be seeing nataral progression in the
MTX only arm. It is ethically difficult to include a true placebo
arm in clinical trials of >6 months duration for carly active R4,
particularly when MTX is recommended as first-line therapy to
achieve clinical remissionflow disease activity. Although an
important question to ponder, a placebo arm in long-term clin-
ical trials in early active RA appears to be unrealistic, and
further rescarch using highly sensitive and reproducible imaging
techniques during a short-term placcbo-treatment period in
early active RA is warranted.

It is also important to note that the current patient population
had severe bascline symptoms, including baseline erosions,
despite only several months since RA onset. This scepario is
becoming increasingly less common in Western populations due
to treat-to-target recommendations and eatlier intervention.
In Japan, general practitioners are still seeing many early RA
patients and referrals to rheumatologists are often delayed. In
addition, the diagnosis of RA in'this trial was based upon 1987
classification criteria. Thus, these factors may have played a role
in the conundrum’ of more severe baseline clinical symptoms yet
shorter mean disease duration.

The clipical results of the current study are supported by
the HARMONY study, which retrospectively determined the
effectiveness and safety of adalimumab 40 mg every other
week with or without MTX (mean dose, 8.5 mg/week) in
Japanese patients with RA (mean RA dnranon, 9.0:£9.5 years)
with or without prior biologic treatment.”® Although paticnts
in the HARMONY study had more established disease and
the study design was retrospective, adalimumab+MTX
patients (n=143) had an improvement from baseline in
DAS28-ESR score at week 24 (baseline, 5.3; week 24, 3.3),
which was within the range but slightly smaller than the
improvement observed in the current study at week 26 (base-
line, 6.65 week 26, 3.7; see online supplementary figure 14).
Clinical remission rates for adali b+MTX patients were
also comparable between the HARMONY swdy (week 24,
35.0%) and the carrent study (week 26, 31.0%).

The safety profile of the current study was generally consist-
ent with those in previous clinical siudies of adalimumab in
patients with RA conducted in Japan.'* There were no
reports of demyelination, tuberculosis or malignancy, and there
were no smtisrically significant differences in the incidence of
serious AEs, serious mfecuons, opportunistic infections or
lupus-like reactions L b+MTX patients versus
MTX alone patients. There was a significantly lngher incidence
of injection-site reactions for adalimumab+MTX patients versus
MTX alone patients, but the incidence (10.5%) was similar to
that reported for the 167 adalimumabxMTX patients in
the HARMONY study (12.09). The incidence of injection-site
reactions in both of these studies was lower than the 30.8%
reported for the 91 adalimumab monotherapy patients (40 mg
every other week) in the CHANGE study* possibly related to
the immunosuppressive cffects of concomitant MTX in
the current study and in some of the patients in the
HARMONY study.

In the mult yses (sec online supplemen-
tary table 1), lower bascline CRP level was identified as a pre-
dictor of radiographic non-progression in adalimumab+MTX
patients, whereas normal baseline CRP level (<£0.3 mg/dl)
appeared to have an increased likelihood of radiographic non-
progression. Flowever, no baseline predictors appeared to
predict both the lack of progression and clinical remission.
TFurthermore, baseline mTSS was not an independent predictor
for either treatment group in this study.

Overall, adalimumab+MTX was well tolerated in Japanese
patients with carly RA with no new safety signals and with a
safety and tolerability profile similar to that observed in Western
populations. Administration of adalimumab in combination with
MTX was efficacious in improving radiographic and clinical
responses in MTX-naive patients with early RA, high disease
activity and poor prognostic factors (eg, theumaroid factor posi-
tive or with baseline erosive damage) through week 26. Given
its radiographic, clinical and functional superiority versus MTX
monotherapy, consideration should be given to administration
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of antiTNF-o. and MTX combination therapy in patients with
carly RA and high disease activity.
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