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p16™%4? 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 p167™X*2 into the synovial tissues suppresses rheumatoid arthritis
in animal models. In vitro studies have shown that the cell-cycle inhibitor p16™%*2 also exerts anti-inflammatory effects on
rheumatoid synovial fibroblasts (RSF) in CDK activity-dependent and -independent manners. The present study was con-
ducted to discern how p16™%* modulates macrophages, which are the major source of inflammatory cytokines in inflamed
synovial tissues. We found that pléINK“a suppresses 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™%*? gene transfer accelerated LPS-
triggered IL-1R-associated kinase 1 (IRAK1) degradation in macrophages but not in RSF. The degradation inhibited the AP-1
pathway without affecting the NF-kB 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 p16™%*.induced IL-6 suppression. Senescent macrophages with physiological expression of p16™%*? upregulated IL-6
production when p167754? 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, p167"*? senescence
gene upregulation inhibits inflammatery cytokine production in macrophages in a different way than in RSF. The Journal of

Immunology, 2012, 189: 5066-5072.

ease 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 secrete inflammatory mediators that further attract in-
flammatory cells and stimulate growth of the synovial fibroblasts
as well as vascular endothelial cells (1). The pannus becomes the
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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
led 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-
trol cell cycling are cyclin-dependent kinases (CDK) (5). Especially
CDK4/6 phosphorylates retinoblastoma gene product (pRb), which
liberates active E2F franscription factors for cell-cycle progression.
CDK inhibitors (CDKI) are intracellular proteins that inhibit kinase
activity of cyclin/CDK complexes. CDKI p167%#® inhibits CDK4/6
specifically, whereas CDK p21“™! inhibits a broad spectrum of
CDK (5). The intra-articular gene transfer of p16INK4a as well as
p21™? suppressed RA in animal models (4, 6). It 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 small-molecule (sm)CDKI was administered orally or i.p. (7).
A separate series of our experiments 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 CDXK 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
plﬁINK4a affects expression of inflammatory cytokines from acti-
vated macrophages. We found that p16™=* suppresses IL-6 pro-
duction in macrophages. The effect was mediated by accelerated
degradation of IL-1R-associated kinase 1 (IRAK1).
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Materials and Methods

Reagents

Anti-p-p38 MAPK, anti-p-JNK, anti—p-IxB kinase (IKK)a/B, anti-p-MAPK
kinase 4 (MKK4), and anti-IkBa Abs were purchased from Cell Signaling
Technology (Danvers, MA). Biotin-labeled anti-TLR4 Ab and PE-labeled
streptavidin were purchased from eBioscience (San Diego CA). Biotin-
labeled IgG1 was purchased from Beckman Coulter (Tokyo, Japan). Anti-
actin Ab and MG132 were purchased from Sigma-Aldrich (St. Louis, MO).
Anti-p16™54% Ab was purchased from Millipore (Billerica, MA). Anti-
IRAK1 Ab was kindly provided by Dr. Shizuo Akira [Osaka University,
Osaka, Japan (12)]. An smCDK4/6 selective inhibitor, PD0332991, was
provided by Pfizer (Boston, MA) (13). IRAK1 wild-type and knockout
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 previously (14). They
were cultured in RPMI 1640 medium containing rM-CSF (50 ng/ml) or 10%
CMG14-12-conditioned media as a source of M-CSF (15). Human synovial
tissues were derived from RA patients undergoing total joint replacement
surgery or synovectomy at Shimoshizu National Hospital. Consent forms
were completed by the patients prior to the surgery. RA was diagnosed
according to the 1988 criteria of the American College of Rheumatology
(16). Human synovial cells were prepared as described previously (8). Human
acute monocytic leukemia cell line THP-1 cells were cultured and differ-
entiated to macrophages as described elsewhere (17). RAW264.7 cells were
cultured as described elsewhere (18). For activation, cells were stimulated
with the optimal doses of LPS, which were minimum dose to induce
maximum IL-6 production in each cell type.
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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 used 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 performed with the second-generation gel
shift assay kit (Roche, Tokyo, Japan). AP-1 and NF-«B consensus sequence
was purchased from Promega (Madison, WI).

Proliferation assay

Measurement of [°H]thymidine uptake by RSF and BMM was performed
as described elsewhere (8, 14).

Flow cytometry analysis

BMM were stained with biotin-labeled anti-TLR4 mAb 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 CellQuest (BD Biosciences) and FlowJo software (Tree Star,
Ashland, OR).

Preparation of retroviral and adenoviral vectors

The human p16™%** and IRAK1 genes were cloned into the retroviral
expression vectors, pMX-IP and pMX-IN, respectively (pMX-p16-Kéa
and pMX-IRAK1). They had an internal ribosomal entry site and a re-
sistance gene for pharmacological selection (19). Using pSilencer5.1 (Applied
Biosystems, Tokyo, Japan), recombinant retroviral vectors containing
murine CDK4- and IRAK1-specific short hairpin (sh)RNA sequences (RAK1
sense, 5'-GATCCAGAGCCCATCCCTCCCCGTTTCAAGAGAACGG-
GGAGGGATGGGCTCTTTTTTTGGAAA-3', and IRAK1 antisense, 5'-
AGCTTTTCCAAAAAAAGAGCCCATCCCTCCCCGTTCTCTTGAAAC-
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FIGURE 1. Effect of p16™“* expression on IL-6 production in LPS-stimulated macrophages. BMM, THP-1, and RAW264.7 cells were infected
with pMX-IP (control) and I:yMX-plén‘”‘;“a (p16™%*%) retroviruses. (A) Cellular proteins were harvested. p16™%4 and actin expression were
detected with Western blot analyses. (B) [*H]thymidine was added to culture media of the BMM transductants. Incorporation of [*H]thymidine was
. assessed after 8 h. (€) The BMM transductants were stimulated with LPS (10 ng/ml). Total RNA were harvested for TNF-o and IL-6, and mRNA
was quantified with real-time PCR. The amounts of the cytokine mRNA were normalized to that of GAPDH mRNA and presented as fold change
relative to nontreated control cells. The TNF-a levels at 3 h and IL-6 levels at 6 h 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 supernatants were collected, and IL-6 and TNF-a
levels quantified with ELISA. (E) TLR4 surface expression on BMM transductants was detected by flow cytometry analyses. (F) Differentiated THP-1
macrophages were stimulated with LPS (1 p.g/ml) for 24 h for quantification of IL-6 in the culture supernatants. (G) RAW264.7 cells were treated in
the same way with LPS (100 ng/ml). Data are representative of three independent experiments and expressed as the mean * SD of triplicate wells.
*p < 0.01.
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GGGGAGGGATGGGCTCTG-3'; CDK4 sense, 5'-GATCCGGTTGAGGT-
CATTGAGGATCTTCCTGTCAATCCTTAATGGTCTCAACCGGTTTTTT-
GGAAA-3', and CDK4 antisense 5'-AGCTTTTCCAAAAAACCGGTTG-
AGACCATTAAGGATTGACAGGAAGATCCTCAATGACCTCAACCG-3")
were constructed (murine CDK4 short hairpin [shCDK4] and murine IRAK1
short hairpin [shIRAK1]). Short hairpin RNA vector for negative control
(shNC) was purchased from Applied Biosystems. Recombinant refroviruses
were prepared as described previously (20). Cells were infected with the retro-
viruses in the presence of 6 pg/ml polybrene. One day after the infection,
they were exposed to puromycine (6 pg/ml) or neomycine (500 pg/ml).

Replication-defective adenoviruses containing a human p16 gene (AxCA-
p16) 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-o,, IRAK1, and GAPDH were
carried out as previously described (21, 22). A p161NK43 gene-specific primer
set was purchased from Qiagen (Tokyo, Japan).

Small interfering RNA transfection

To introduce small interfering RNA (siRNA) into BMM, 2 X 10° BMM
was incubated with 200 ul 1.2 uM siRNA containing 24 pl FuGENE-
HD transfection reagent (Roche) in Opti-MEM for 16 h. p16™ **
specific siRNA (si-pl6A and B) and control siRNA were purchased from

Qiagen.
Statistic analyses
[3IﬂThymidjne uptake, IRAK1 and cytokine mRNA measurements, and IL-6

concentrations in the supernatants were compared with the Mann-Whitney
U test.

Results
pl6™5* syppressed IL-6 expression in LPS-stimulated

macrophages

To study the effect of p16INK4a on macrophages, BMM were infected
with pMX-p16 or control pMX-IP retroviruses. Ectopic 1;)16INK4a
protein expression in the pMX-p16™¥42 infected cells had been
confirmed with Western blot analyses (Fig. 1A). [®H]Thymidine
uptake by the p16M4a—expressing BMM was almost completely
suppressed compared with control virus-treated BMM (Fig. 1B).
Quantitative PCR showed that p16INK“ gene transfer signifi-
cantly suppressed IL-6 mRNA expression by BMM stimulated
with LPS, whereas TNF-a mRNA expression was not affected
(Fig. 1C). IL-6, but not TNF-a, production at the protein level was
also suppressed significantly in BMM expressing pléINK“a (Fig. 1D).
LPS recognition receptor TLR4 expression was not modified by
p16™%4 overexpression, showing that IL-6 reduction was not due
to the TLR4 downmodulation (Fig. 1E). The murine macrophage
cell line RAW?264.7 cells as well as human THP-1 cells that had
been induced to differentiate to macrophages produce IL-6 in re-
sponse to LPS. This response was also reduced by the ple™Ea=
gene transfer (Fig. 1F, 1G). Thus, p16T%4 gene transfer suppressed
IL-6 expression in murine and human macrophages.

CDKA4/6 inhibition did not affect IL-6 expression in
LPS-stimulated macrophages

Our previous study demonstrated that plﬁINKA"" inhibited matrix

metalloproteinase (MMP)-3 expression in RSF by suppressing
CDK4/6 kinase activity (8). To determine if the inhibitory effect of
p16™%42 on LPS-induced IL-6 production in BMM depends on
CDKA4/6 kinase activity, CDK4/6 selective inhibitor (PD0332991)
was added to the BMM culture. The CDK4/6 inhibitor suppressed
(*H]thymidine 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

INHIBITORY EFFECT OF P16™%% ON IL-6 PRODUCTION
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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 [BH]thymidine uptake was assessed for the last 8 h. (B) BMM
were treated with or without 2 mM smCDXKI for 1 h prior to LPS stimu-
lation (10 ng/ml) for 6 h. IL-6 mRNA in the treated BMM were quantified
with real-time PCR. The amounts of the mRNA were normalized to that of
GAPDH mRNA and presented as fold change relative to nontreated cells.
(€) BMM were pretreated in the same manner and then stimulated with
LPS (10 ng/ml) 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 quantified with real-time PCR. (E)
BMM infected with shCDK4 and shNC were examined for [3H]thymidine
uptake during 8 h incubation. (F) BMM infected with shCDK4 and shNC
were stimulated with LPS (10 ng/ml) for 24 h. IL-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 < 0.01.

(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 IL-6 production by p16™%** did
not depend on the CDK kinase activity. ‘

pl 6™K42 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 p16™%42 gene transfer af-
fected IRAK 1 protein expression (Fig. 3A). Upon ligand binding
to TLR, MyD88 is recruited to the receptor and brings IRAK1 and
IRAK4 to the receptor. This leads to phosphorylation of IRAK1,
which activates kinase activity of IRAK1 and then triggers degra-
dation of IRAKI itself (23). The IRAK1 protein level in pl67 542
expressing BMM was comparable to that in control cells at the
unstimulated status. Upon LPS stimulation, the IRAK ] expression
was significantly downmodulated in p161NK4a—expressing cells as
compared with control cells (Fig. 3A). The specific band was ob-
served in wild-type BMM but not in IRAK1 knockout cells, dem-
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p16iNKda B

FIGURE 3. Promotion of IRAK1 degradation by
exogenous p1677*, BMM transduced with pMX-IP
(control) and pMX-p16™%# (p16™%4%) were stimu-
lated with LPS (10 ng/ml). (A) Cellular proteins were
harvested at the indicated time points. IRAK1 and
actin expression was detected with Western blot anal- 16 ¢
yses (top 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 are representative of three experiments
and expressed as the mean = SD of three indepen-
dent experiments. (B) IRAK1 mRNA in the BMM
was quantified with real-time PCR. The amount of
the IRAK1 mRNA were normalized to that of GAPDH
mRNA and presented as fold change relative to non- -
treated control cells. Data are representative of three
experiments and expressed as the mean * SD of
triplicate wells. )
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onstrating that binding of anti-IRAK1 Abs was specific (Fig. 3A).
p16™%42 expression did not affect IRAK1 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, pl
or control LacZ were transduced using an adenoviral vector to
RSF and IL-6 production was measured after LPS stimulation.
Although [*H]thymidine uptake was inhibited in the p1674e.
infected RSF, IL-6 production was not altered (Supplemental
Fig. 1A, 1B). In accordance with this, IRAK1 expression in RSF
in p16™**_expressing and control RSF was comparable throughout
the LPS stimulation (Supplemental Fig. 1C).

6[NK4a

61NK4a

pl suppressed the AP-1 signaling pathway without
suppressing the NF-kB signaling pathway

Upon LPS stimulation of macrophages, activated IRAK1 triggers
phosphorylation of p38 MAPK/INK and IKK«a/f, which leads
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to activation of the AP-1 and NF-kB transcription factors (24).
Western blot analyses illustrated that ectopic pl16™E42 expression
suppressed phosphorylation of p38 MAPK and JNK but not of
IKKa/B in BMM stimulated with LPS (Fig. 4A). Phosphoryla-
tion of MKK4, which is upstream of JNK, was suppressed by
p16™%42 (Big 4A). Downstream AP-1 binding activity was also
reduced in p16T*.expressing BMM (Fig. 4B). In contrast, IkB
degradation, which is downstream of IKKo/B, as well as NF-kB—
binding activity were not affected by p16INK4a overexpression
(Fig. 4A, 4B).

We assumed that the impairment of the AP-1 pathway in pl
expressing BMM should be directly due to reduced IRAK1 protein
expression, To substantiate this, ShIRAK1 was retrovirally transduced
in BMM. IRAK]1 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
1B degradation, was significantly suppressed in the shIRAKI-

GNKda_

IxBo | 2RRYRR:

Actin (50

LPS

FIGURE 4. Suppression of phosphorylation of p38 MAPK and JNK without affecting the IKKa/B-IxB pathway by p16™ 5%, (A) Transduction of BMM
with pMX-IP (control) and pMX-p16™%%* (516™%%) retroviruses was followed by LPS (10 ng/ml) stimulation. Total cell lysates were collected at the
indicated time points and examined for p-p38 MAPK, p-JNK, p-MKK4, p-IKKo/B, IkBa, and actin expression with Western blot analyses. (B) Nuclear
extracts of the control and p16™ ~**-expressing BMM stimulated with LPS (10 ng/ml) for 1 h were examined for AP-1 and NF-«B binding activity with
EMSA. (C) shIRAK1 or shNC were transduced retrovirally into BMM., Protein levels of IRAK1 and actin in total cell lysates were determined with Western
blot analyses. (D) Cells were stimulated with LPS (10 ng/ml). After 1 h, the cells were lysed, and AP-1 binding activity in the nuclear extracts was
examined with EMSA. After 30 min stimulation, the protein levels of IkBa in total cell lysates were determined with Western blot analyses. Data are

representative of three independent experiments.
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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-«B signaling pathway.

p16™5* induced IRAKI degradation was mediated by
proteosome pathway

It was reported that IRAK1 degradation is modulated by the
ubiquitin-dependent proteosome pathway in LPS-stimulated
monocyte/macrophages (23). To inhibit this degradation pathway, a
proteosome-specific inhibitor, MG132, was added to the plelKde
expressing BMM culture. This treatment prevented acceleration of
IRAKI1 degradation in p16mK4"-transduced cells (Fig. SA). It also
restored p38 MAPK and JNK phosphorylation in plGINK43-
expressing BMM, indicating that p16M4a-mducm IRAKI degra-
dation depends on the proteosome degradation pathway.

To determine if the observed IL-6 downregulation is a direct
consequence of accelerated IRAK1 degradation, the 1:)1611‘11‘:“a 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 neomycin and puromycin
treatment to select the transduced cells. As in BMM, pl16™%*
suppressed LPS-induced IL-6 production by THP-1 cells. This
suppression was abrogated by cotransduction of the exogenous
TRAK1 gene. Thus, IL-6 production was not downregulated without
reduction of IRAK1 (Fig. 5B).

Inhibitory effect of endogenous pl 64 o [L-6 production

To discern if expression of endogenous p16™42 exerts the same
inhibitory effects, BMM were cultured to senescence as was de-
scribed previously (25). No endogenous p16™E42 protein was de-
tectable in log-phase growing BMM, whereas the senescent BMM
substantially upregulated the protein and mRNA of p16™42 (Fig,
6A). These cells were then treated with two different siRNAs
against p16INK"a to reduce p16INK“a expression levels (Fig. 6B).
IL-6 production from BMM was upregulated by LPS stimula-
tion and inversely proportional to plén‘l'ma mRNA expression
levels (Fig. 6C). Thus, endogenous physiological pl6™ K42 ex.
pression can contribute to the suppression of the LPS-induced
IL-6 production.

Discussion v
pléINK4a expression in macrophages suppressed LPS-induced

production of IL-6 but not of TNF-« in a CDK4/6-independent -

manner. This was not observed in synovial fibroblasts. Molec-
ular analyses disclosed that it was due to the acceleration of
proteosome-mediated IRAK1 degradation and following suppres-
sion of the AP-1 signaling pathway. Thus, p16%%42 gene transfer
or its induction in synovial cells inhibits production of a part
of macrophage-derived cytokines in addition to proliferation of
synovial cells.

Recently, it was shown that TLR triggering is relevant in rheu-
matoid inflammation. Endogenous ligands for TLR-2 and TLR-4
are 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 dominant-negative form of the Toll/IL-1R domain
containing adaptor protein molecules suppressed the spontaneous
production of proinflammatory cytokines and MMPs from RSF
(27). LPS was used as a TLR stimulator in this study.

p161NK4a gene transfer suppressed IL-6 production via the pro-
moted JRAK1 reduction, because IRAK1 coexpression prevented
the IL-6 reduction. Indeed, the upstream molecule of IRAK1,
IKKa/p, was phosphorylated equally in p16™***.expressing
cells and control cells. These findings also indicated that neither

INHIBITORY EFFECT OF P16™%4* ON IL-6 PRODUCTION
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FIGURE 5. Proteome dependency of p16™ ~*.induced suppression of
IL-6 production. (A) BMM transduced with pMX-IP (control) and pMX-
p16™E42 (516K retroviruses were pretreated with the proteasome in-
hibitor MG132 (20 wM) for 1 h then stimulated with LPS (10 ng/ml) for
the indicated times. p-p38 MAPK, p-JNK, IRAK1, 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 are
representative of three experiments and expressed as the mean * SD of
three independent experiments. (B) THP-1 cells were double-transduced
with empty vectors (pMX-IP and pMX-IN controls; black bar), pMX-
p16%4 with pMX-IN empty vector control (white bar), or pMX-pl6=F*
and pMX-IRAK1 (gray bar). THP-1 cells were treated with PMA for 2 d to
induce macrophage differentiation and then stimulated with LPS (1 pg/mi)
for 24 h. IL-6 in the culture supernatants was measured with ELISA. Data
are representative of three experiments and expressed as the mean % SD of
triplicate wells. *p < 0.01.

downstream nor upstream molecule of IRAK1 was affected by
pl16iKde,

Studies of IRAK1-deficient cells showed that IRAK1 activation
is an essential step in the TLR signaling pathways that leads to
NF-xkB and AP-1 activation and subsequent production of proin-
flammatory cytokines (23, 28, 29). IRAK1 activation causes degra-
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whereas those cultured for 17 d reached replicative senescence (17 d). Endogenous pl
mRNA expression in these cells was quantified with real-time PCR. The amounts of the p16™%4 MRNA were normalized to that of

p 1 6INK4a
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on IL-6 production. (A) BMM cultured for 6 d were still in a logarithmic growth phase (6 d),

6™%42 and actin were detected with Western blotting analyses.

GAPDH mRNA and presented as fold change relative to BMM cultured for 6 d. (B) BMM were transfected with siRNA against p16™%*® (si-pI6A
and B) and siNC. p16™%4® mRNA expression in the treated BMM was measured with real-time PCR. The amounts of the p16™%42 mMRNA were
presented as fold change relative to siNC-treated cells. (C) These cells were stimulated with LPS (100 ng/ml) for 24 h. IL-6 in the culture super-
natants was measured with ELISA. Data are representative of two inﬁependent experiments and expressed as the mean * SD of triplicate wells.

*p < 0.01.

dation of IRAK1 itself, which induces tolerance against restimulation
of TLR. Tolerant cells do not express IRAK1 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 IRAK1-deficient
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 IRAK1 knockdown
by siRNA had selective impairment of AP-1 signaling pathway.
These results are in concordance with previous observations that
siRNA against IRAK1 downregulated IL-1B-induced production
of inflammatory cytokines without interfering with IxB degra-
dation and that IRAK1 knockdown impaired the AP-1 signaling
pathway (32, 33). It was of interest that different transcription
factors depend differentially on the IRAK1 level.

IL-6 expression in monocytes/macrophages depends on NF-«B
and AP-1 pathways because loss of either pathway severely im-
paired IL-6 expression (34, 35). In contrast, TNF-a expression in
monocytes/macrophages depends primarily on NF-«kB 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 IL-6 and
TNF-a expression in pl6™"**expressing macrophages.

p16™%42 can make complexes not only with CDK4/6 but also
with other signaling molecules. In mouse embryonic fibroblasts,
p16™%42 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 p16INK“a expression in macrophages,
its expression in mouse embryonic fibroblasts did not disturb
JNK phosphorylation. Another report demonstrated that p16JNK4a
in HeLa cells was associated with RelA, which is a component
of NK-kB (38). This association inhibited NF-kB activation in
HelLa cells, although we did not observe suppression of the NF-
kB signaling pathway in macrophages. Thus, the inhibition of
signal transduction by p16™%*® appeared to depend on the cell
types.

The promoted IRAK1 degradation by p16™542 could be ac-
celerated by either IRAK1 ubiquitination or by recruitment to the
proteasome. Polyubiquitination of signaling molecules triggers
either proteosome-dependent protein degradation or activation of
downstream signaling molecules (39). K48 ubiquitination causes
the degradation of target molecules, whereas K63 ubiquitination
activates downstream signaling molecules. K48 ubiquitination of

IRAKI1 appears to trigger degradation because treatment with a

proteosome inhibitor, MG132, prevented the IRAK1 degradation
in HEK293 cells stimulated with IL-1 (40). This agrees with the
previous observation that MG132 treatment prevented LPS-induced
IRAK1 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 IRAK1 recruit-
ment to the proteasome are unknown. Because some specific
ubiquitin-receptor proteins may escort the ubiquitinated proteins
to the proteasome, plﬁn\""“‘a might enhance the function of the
ubiquitin-receptor proteins. A recent report revealed that LPS-
induced IRAK1 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 IRAK1 in the p16™%**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 senescence-
associated secretory phenotype. However, p16™%4* senescence
gene transfer did not affect IL-6 production from human fibro-
blasts (46). Another report demonstrated that IL-6 production
was upregulated in oncogene-induced senescent fibroblasts even
when p167%42 induction was abolished with short hairpin RNA
(47). These findings indicated that p16™%*® does not impact IL-6
production from senescent fibroblasts. In contrast, our present
study has revealed that exogenous and endogenous p16mK4a ex-
pression suppresses IL-6 production in senescent macrophages,
showing that p16™%* has inhibitory effect in macrophages. Pur-
thermore, induction of endogenous p161NK4a in RSF suppressed the
arthritis model by systemic treatment of histone deacetylase in-
hibitor, suggesting that induction of endogenous p16™%4 in
macrophages as well as RSF can be useful for therapy of RA (48).

Our previous studies demonstrated that p16™ ~** could suppress
proliferation and MCP-1 and MMP-3 production of RSF in a
CDK4/6-dependent manner (8). Thus, p16mw'a should exert anti-
arthritic effects in multiple ways. Retroviral and adenoviral p16™ 54
gene transfer have advantages and disadvantages in clinical set-
tings. Pharmacological means to induce endogenous pl(SINK4a in
synovial cells of the arthritis joints should be investigated in future
studies.
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Time-Dependent Increased Risk for Serious
JInfection From Continuous Use of Tumor Necrosis
Factor Antagonists Over Three Years in Patients
With Rheumatoid Arthritis «

RYOKO SAKAL" YUKIKO KOMANO,' MICHI TANAKA,"' TOSHIHIRO NANKI,* RYUJI KOIKE,"
HAYATO NAGASAWA,? KOICHI AMANO,?> ATSUO NAKAJIMA,® TATSUYA ATSUMI,* TAKAO KOIKE,*
ATSUSHI THATA,” YOSHIAKI ISHIGATSUBO,® KAZUYOSHI SAITO,®* YOSHIYA TANAKA,®

SATOSHI ITO,” TAKAYUKI SUMIDA,” SHIGETO TOHMA,? NAOTO TAMURA,® TAKAG FUJIL*®
TAKAHIKO SUGIHARA,** ATSUSHI KAWAKAMI,** NOBORU HAGINO,"® YUKITAKA UEKIL™

AKIRA HASHIRAMOTO,*® KENJI NAGASAKA,"® NOBUYUKI MIYASAKA," anp

MASAYOSHI HARIGAIL ror tHE REAL STUDY GROUP

Objective. To investigate associations between continuous treatments with tumer necrosis factor (TNF) antagonists and
risk for developing serious infections (SIs) over 3 years in Japanese patients with theumatoid arthritis (RA) enrolled in
the Registry of Japanese RA Patients for Long-Term Safety (REAL) database.

Methods. We analyzed 727 RA patients who had started either infliximab or etanercept (the anti-TNF group; 1,480.1
patient-years [PY]) and 571 RA patients who had started conventional nonbiologic disease-modifying antirheumatic
drugs (the unexposed group; 1,104.1 PY) at the time of enrollment in the REAL. We assessed the occurrence of SIs within
a 3-year observation period, including the period after switching to other TNF antagonists, and all SIs, unlimited to the
first one in each patient as reported in other studies, to evaluate the real safety of TNF antagonists in daily practice.
Results. The incidence rate of SIs per 100 PY was 5.54 (95% confidence interval [95% CI] 4.44-6.84) in the anti-TNF
group and 2.72 (95% CI 1.87-3.83) in the unexposed group. Poisson regression analysis revealed that the relative risk (RR)
of continuous use of TNF antagonists for SIs after adjusting for baseline and time-dependent covariates was significantly
elevated both overall (1.97, 85% CI 1.25-3.19) and for the first year (2.40, 95% CI 1.20-5.03), but not for the second and
third years combined (1.38, 95% CI 0.80-2.43). The adjusted RR for SIs of etanercept compared to infliximab was not

significantly elevated.
Conclusion. Continuous anti-TNF therapy was significantly associated with increased risks for developing SIs during,

but not after, the first year.

INTRODUCTION apy was inadequate (1-4). In Japan, 6 biclogic DMARDs
. . o . . (infliximab, etanercept, adalimumab, tocilizumab, abata-
Elologblc dlsegze-lmodlfgmg ant1rheu1}1&t10 dr'ltlﬁs EDMARD? cept, and golimumab)} have been approved and widely
ave been widely used to treat patients with rheumatol used in clinical practice. The criterion for indication for

arthritis (RA) whose response to conventional DMARD ther-
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Significance & Innovations

e Using a Japanese rheumatoid arthritis (RA) patient
registry, we show for the first time in Asia that the
continuous use of tumor necrosis factor (TNF) an-
tagonists over a 3-year observation period was as-
sociated with a 2-fold increased risk for serious
infections (SIs) compared to nonbiologic disease-
modifying antirheumatic drugs (DMARDs). This
elevation, however, was time dependent and sig-
nificant only for the first year, not for the second
and third years combined.

e To redeem methodologic shortcomings in previ-
ous reports, we examined all SIs occurring during
treatment with TNF antagonists, including those
after switching to other TNF antagonists. We used
not only baseline but also time-dependent vari-
ables as candidates for risk factors for SIs in mul-
tivariate analysis because disease activity of RA
and the dose of drugs such as corticosteroids and
methotrexate are subject to change during treat-
ment.

e Over 3 years, the incidence rate of Sls in the etan-
ercept group was numerically higher than that of
the infliximab group, but the risk for SIs from
treatment with etanercept was not significantly
different from that of infliximab after adjusting for
covariates.

infliximab or the other 5 biologic DMARDs, according to
Japanese labeling, consists of inadequate response to
methotrexate (MTX) or nonbiclogic DMARDs, respec-
tively. In addition, Japanese rheumatologists follow the
guidelines proposed by the Japan College of Rheumatology
(5.6). ‘
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Although biologic DMARDs have superior clinical effi-
cacy for patients with RA, there are concerns about in-
creased risk for infection (7). Prevention of infections in
RA patients who are treated with immunosuppressive
drugs is relevant because the incidence rate (IR} of infec-
tions is already higher in patients with RA than in the
general population, and infection is a major factor ham-
pering proper management of the disease and influencing
prognosis (8—10). Infection was the most frequent serious
adverse event (SAE) reported in postmarketing surveil-
lance programs for infliximab and etanercept in Japan:
the most prevalent infectious disease was pneumonia, and
higher IRs of tuberculosis and Pneumocystis jiroveci pneu-
monia (PCP) were reported compared to Western countries
(11-13). We established the Registry of Japanese RA Pa-
tients for Long-Term Safety (REAL) in 2005 and, utilizing
this database, recently reported that treatment with either
tumor necrosis factor (TNF) antagonist infliximab or etan-
ercept for up to 1 year was associated with increased risk
for serious infections (SIs) compared to treatment with
nonbiologic DMARDs (14). Recent data from prospective
observational studies in Europe and the US also suggest
that the risk for infection was higher in RA patients treated
with biologic DMARDs, at least in the short term (15-18),
and disappeared with increasing treatment duration
(15,16,18-20).

In clinical practice, rheumatologists often switch from
the initial TNF antagonist to an alternative TNF antagonist
when the patient shows insufficient efficacy or develops
an adverse event. Some patients also experience more than
one adverse event during treatment with TNF antagonists.
In previous reports from prospective cohort studies, obser-
vation was stopped after switching to another TNF antag-
onist or after the first adverse event (18,21-23); therefore,
second or third adverse events and those occurring after
switching TNF antagonists were not analyzed (18,21-23).
In addition, the time dependency of covariates such as
corticosteroid dose and disease activity was not included
in some studies {14,15,19~24). To understand the real
safety of TNF antagonists for patients with RA, it is essen-
tial to design an epidemiologic study that evaluates all
adverse events during continuous treatment with these
agents. However, in Japan, as well as in Asia overall, there
are no safety data from prospective cohort studies with an
observation period longer than 1 year in RA patients re-
ceiving TNF antagonists. Because differences in genetic,
environmental, and medical factors in each geographic
region may influence the safety of hiologic DMARDs (25),
it is prudent to compare the safety of biologic DMARDs
from various countries or regions. The primary purpose of
this study was to assess the risk for SIs associated with
continuous use of infliximab or etanercept for 3 years,
including the period after switching to other TNF antago-
nists, and its trend over time, and to identify independent
risk factors after adjusting for time-dependent covariates.
In a secondary analysis, we focused on the first TNF an-
tagonist used in each patient to investigate differences in
the risk for SIs among the agents.

-

PATIENTS AND METHODS

Database. The REAL is an ongoing prospective cohort
established to investigate the long-term safety of biologic
DMARDs in patients with RA. Details of the REAL have
been previously described (14,26). In brief, 27 institutions
participated in the REAL, including 16 university hospi-
tals and 11 referring hospitals. The criteria for enrollment
in the REAL include those patients meeting the 1987
American College of Rheumatology. criteria for RA (27)
with written informed consent and starting or switching
treatment with biologic DMARDs (the biologics exposed
group) or starting, adding, or switching nonbiologic
DMARD:s (the biologics unexposed group) at the time of
study entry. Until the end of 2007, patients already receiv-
ing treatment with nonbiologic DMARDs at the time of
study entry were also enrolled in the unexposed group. To
facilitate enrollment in the REAL, participating physicians
were asked to enroll their patients already registered to
postmarketing surveillance programs previously imple-
mented by pharmaceutical companies for biologic
DMARDs (11,12). In addition, our investigators were also
encouraged to enroll as many patients as possible who
fulfilled the inclusion criteria (14). For this study, data
were retrieved from the REAL database on November 30,
2009. This study was in compliance with the Declaration
of Helsinki (revised in 2008). The REAL study was ap-

.proved by the ethics committees of the Tokyo Medical and

Dental University Hospital and the other participating in-
stitutions (see Appendix A for members of the REAL Study
Group and their affiliates).

Data collection. Each patient’s recorded baseline data
included demography, disease activity, comorbidities,
treatments, and laboratory data at the start of the observa-
tion period. A followup form was submitted every 6
months by the participating physicians to the REAL Data
Center at the Department of Pharmacovigilance of Tokyo
Medical and Dental University to report the occurrence of
SAEs, current RA disease activity, treatments, and clinical
laboratory data. We collected the Steinbrocker class (28) as
the measurement for patient physical disability instead of
the Health Assessment Questionnaire disability index at
baseline (29). Using this protocol, SAEs were reported at
regular followup times every 6 months. The REAL Data
Center checked all of the data sent by attending physicians
to improve the quality of data, and the participating phy-
sicians in each hospital confirmed them on the web site of
the REAL.

Anti-TNF group. In the biologics exposed group, there
were 727 patients with RA who started infliximab or etan-
ercept at enrollment in the REAL (anti-TNF group; 1,480.1
patient-years [PY]); 335 started infliximab (infliximab
group) and 392 started etanercept (etanercept group). In
the infliximab group, 67 patients were switched to either
etanercept (58 patients), tocilizumab (8 patients), or adali-
mumab (1 patient), and 74 patients stopped treatment with
infliximab during the study observation period. The re-
maining patients continued treatment with infliximab
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throughout. In the etanercept group, 60 patients were
switched to either infliximab (27 patients), tocilizumab
(25 patients), or adalimumab (8 patients), and 62 patients
stopped administration of etanercept during the study ob-
servation period. The remaining patients continued etan-
ercept treatment throughout. The overall survival rates of
the first biologic agent at year 3 were 0.48 (95% confidence
interval [95% CI] 0.41-0.55) for infliximab and 0.61 (95%
CI 0.55-0.66) for etanercept. Our analysis was restricted
to infliximab or etanercept because few patients receiving
adalimumab or tocilizumab were registered in the REAL
database and golimumab and certolizumab pegol were not
approved in Japan at the time this study was conducted.

Unexposed group. Among 574 RA patients in the bio-
logics unexposed group, 3 patients had received biologic
DMARDs within 90 days before their enrollment in the
REAL. These 3 patients were excluded from our analysis
in consideration of the pharmacokinetic and pharmacody-
namic property of biologic DMARDs and their possible
effects on development of infection. Fifteen patients who
had received biologic DMARDs and stopped them over 90
days before their enrollment in the REAL were included in
this analysis. Therefore, 571 RA patients who initiated or
were receiving nonbiologic DMARDs and not receiving
biologic DMARDs at enrollment in the REAL were in-
cluded in the unexposed group (1,104.1 PY). At enroll-
ment, 347 patients (60.8%) of the patients in the unex-
posed group were being treated with MTX, 127 patients
(22.4%) with sulfasalazine, 103 patients (18.0%) with ta-
crolimus, 95 patients (16.6%) with bucillamine, and 29
patients (5%) with other nonbiologic DMARDs.

Followup. For those patients who initiated nonbiologic
DMARDs or biologicc DMARDs at entry, the start of the
observation period was the date these agents were first
administered. For those patients enrolled in the unex-
posed group already receiving treatment with nonbiologic
DMARDS at the time of study entry, the observation period
started from the date of their enrollment in the REAL
database.

Observation was stopped either 3 years after the start of
the observation period, the day a patient died or met the
exclusion criteria (14), or on November 30, 2009, which-
ever came first. For the unexposed group, stopping all
nonbiologic DMARDs or starting any biologic DMARDs
stopped followup. For the anti-TNF group, stopping ther-
apy with either infliximab or etanercept ended observa-
tion. Patients were followed even after development of
SAEs, as long as they did not meet the above criteria for
stopping observation. The date of the last administration
of infliximab or etanercept was retrieved from medical
records and reported by the participating physicians. The
mean *+ SE followup was 2.04 % 0.92 years for the anti-
TNF group and 1.93 * 0.99 years for the unexposed group.
Figure 1 shows the number of patients for each year and
the number who dropped out from each group during
observation. Four hundred forty-two patients (34%]) of all
patients (n = 1,298) were followed up for 3 years.

Included in analysis
n=1298 .

Unexposed group
n=57]

Anti-TNF group
n=727

Dropouts* Dropoutst
! n=126 n=124
Completed the first ’ Completed the first
year year
n=445 - n=603
Dropouts* Dropoutst
> n=119 n=176

v

4
Completed the second Completed the second
year year
n =326 n=427
Dropouts* Dropoutst
n=138 n=173
iy A

Completed the third Completed the third
year year
n=188 n=254

[

Figure 1. Distribution of numbers of patients with rheumatoid
arthritis during the 3-year observation period. * = dropouts from
the unexposed group include patients who started biologic
disease-modifying antirheumatic drugs (DMARDs) or patients
whose observation did not complete the next 1 year; + = dropouts
from the anti~tumor necrosis factor (anti-TNF) group include
patients who stopped infliximab or etanercept or switched to
biologic DMARDs, except infliximab and etanercept, or patients
whose observation did not complete the next 1 year.

Definition of SAEs. Our definition of an SAE, including
an SI, was based on the report by the International Con-
ference on Harmonisation (30). In addition, bacterial in-
fections that required intravenous administration of anti-
biotics, as well as opportunistic infections, were also
regarded as SAEs (14) (see Supplementary Table 1, avail-
able in the online version of this article at http://online
library.wiley.com/journal/10.1002/(ISSN)2151-4658).

Statistical analysis. Crude IRs per 100 PY and crude IR
ratios (IRRs) with their 95% ClIs were calculated. We con-
ducted 2 analyses in this study. In the primary analysis
(analysis 1), risk factors for SIs during continuous treat-
ment with infliximab or etanercept for up to 3 years were
identified. We also calculated the risk of TNF antagonists
for SIs in the first year and in the second and third years
combined to investigate time dependence of the risk. In
the secondary analysis (analysis 2), the risks for SIs were
compared between treatment with infliximab and etaner-
cept.

Analysis 1. We included both patient groups and the
entire observation period for each patient as described
above for analysis 1 and added risk windows as follows.
When a patient no longer received either infliximab or
etanercept, the patient was excluded from the study on the
day of the last administration of the agents and a 90-day
postdiscontinuation risk window was applied (14). Any
SAEs occurring within the risk window were attributed to
the effects of the TNF antagonists. No risk window was
needed for the unexposed group. For multivariate analy-
sis, Poisson regression models were employed to estimate
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Table 1. Comparison of RA patients treated with or without TNF antagonists infliximab or etanercept at the start of the
observation period* )
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Unexposed All anti-TNF Infliximab Etanercept
group groups , group group
(n = 571) (n = 727) (n = 335) (n = 392) Pt
Age, years 59.3 £ 13.1 56.3 * 13.4% 53.7 * 13.9 58.5 * 12.7 < 0.001
Women, % 83.2 82.0 79.3 85.1 0.045
Disease duration, years 8.9 = 9.3 9.5 = 8.6F 8.1 = 8.0 10.6 = 9.0 < 0.001
Steinbrocker class 3 or 4, %§ 10.7 30.7% 28.4 32.7 0.211
Steinbrocker stage Il or IV, %§ 39.6 53.0% 45.1 59.7 < 0.001
DAS28-CRP 3.4 *1.2 4.5 = 1.2% 4.6 =11 4.5 *+ 1.3 0.197
N 567 723 335 388

MTX use, % 60.8 68.8% 99.1 42.9 < 0.001
MTX dosage, mg/week . 6.4 * 2.0 7.6 * 2.2% 7.9+ 2.2 7.0 % 2.1 < 0.001
MTX dosage >8 mg/week, % 4.4 10.6%F 18.2 4.1 < 0.001
Use of immunosuppressive drugs 20.1 4.3% 1.2 6.9 < 0.001

except for MTX, %
Oral corticosteroid use, % 58.3 71.5% 69.0 73.7 0.16
Prednisolone or equivalent dosage 4.6 * 2,1 5.7 £ 3.0% 5.3 £ 2.7 6.0 = 3.2 0.006

of corticosteroids, mg/day
Prednisolone or equivalent dosage 1.9 9.1% 5.7 12.0 0.003

of corticosteroids =10 mg/day, %
No. of previous DMARDs 2.2+ 1.2 2.5 = 1.2% 2.3*11 2.7 £1.2 < 0.001
Chronic pulmonary disease, %# 18.7 21.6 11.9 29.8 < 0.001
Diabetes mellitus, % 5.8 12.0% : 8.7 14.8 0.011

disease-modifying antirheumatic drugs.
+ Between the 2 anti-TNF antagonists.
¥ P < 0.05 versus the unexposed group.

losis, and bronchiectasis.

* Values are the mean = SD unless otherwise indicated. For univariate analysis, the chi-square test for categorical variables and the Student’s t-test
or Mann-Whitney test were used to compare continuous variables among groups. RA = rheumatoid arthritis; TNF = tumor necrosis factor;
DAS28-CRP = 3-variable Disease Activity Score including 28-joint counts using the C-reactive protein level; MTX = methotrexate; DMARDs =

§ Steinbrocker classification (28) was used to define RA disease stages and classes.
9 Immunosuppressive drugs include tacrolimus, leflunomide, mizoribine, and cyclosporine.
# Chronic pulmonary diseases include interstitial pneumonia, chronic obstructive pulmonary disease, bronchial asthma, prior pulmonary tubercu-

the risk for SIs with TNF antagonist treatment. To analyze
the time-dependent risk for SIs, observation periods were
divided into the first year and the second and third years
combined.

Analysis 2. To compare the risk for SIs between the use
of infliximab and etanercept in the anti-TNF group, the
treatment period with the first TNF inhibitor for each
patient was evaluated without setting a risk window be-
‘cause most of the patients who had stopped the first bio-
logic agent started treatment with the second one imme-
diately. We applied propensity score (PS) methodology to
calculate the likelihood of being treated with TNF antag-
onists. First, we made a multivariate logistic regression
model with the use of TNF antagonists as the dependent
variable and the following as independent variables: age,
sex, the 3-variable Disease Activity Score including 28-
joint counts using the C-reactive protein level (DAS28-
CRP), the presence of chronic pulmonary comorbidity,
diabetes mellitus, calendar year of entry in the REAL,
Steinbrocker stage (Il or IV), MTX (=8 or >8 mg/week),
and oral corticosteroid (prednisolone or equivalent dos-
age <10 or =10 mg/day) at enrollment. We applied the
Hosmer-Lemeshow goodness-of-fit test to assess how ef-
fectively the model described the outcome variable (i.e.,
the use of TNF antagonist: yes/no). We used the PS to

select representative patients receiving TNF antagonist
treatment: the patients with a PS >0.4 were included in
analysis 2 and different cutoff values for PS were used for
sensitivity analyses (31). To compare the risk for SIs be-
tween etanercept and infliximab, we employed Poisson
regression models in the anti-TNF group patients with
various combinations of adjusting factors, including the
PS, to calculate the relative risks (RRs) of etanercept with
95% Cls, using infliximab as the reference.

These statistical analyses were conducted using SPSS,
version 16.0, and R statistical language software, version
2.8.1. All Pvalues were 2-tailed and P values less than 0.05
were considered statistically significant. -

RESULTS

Baseline characteristics of patients. This study in-
cluded a total of 1,298 patients: 727 in the anti-TNF group
and 571 in the unexposed group. Baseline data for the
patients are shown in Table 1. Compared to the unexposed
group, the anti-TNF group was younger (P < 0.001), had
more severe disease activity (P < 0.001), and was treated
with higher doses of MTX (P < 0.001) and oral corticoste-
roids (P < 0.001). Significantly more patients with diabe-
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tes mellitus (P < 0.001) were seen in the anti-TNF group
28 _ L _ g £ compared to the unexposed group. In the' aniti-.TNF group,
5 8 e ) 2 R ;3 5 the etanercept group compared to the infliximab group
= &2 o P o o = 2 was older {P < 0.001), had a longer disease duration (P <
£8 = b= 3 S g e & 0.001), used MTX less frequently (P < 0.001), was treated
& gﬁ = = = ) = g with higher doses of oral corticosteroids (P = 0.006), and
£y 3 S 3 S g 5 had higher percentages of chronic pulmonary comorbidity
g g - ~ = © £ i (P < 0.001) (see Table 1 for definition) and diabetes mel-
g .E% litus (P = 0.011) (Table 1).
% =) s
% g ”:J\c £ 5 % é j?, Types and occurrence of SAEs. Among the 1,298 pa-
= Eﬁ 1B o o § 3 E tients, 308 SAEs were reported during the observation
I g ) = N 3 g I g g | period, 95inthe unexposed group and 213 in the anti-TNF
e § & & = =3 2 Ez: # 5| group. The crude IRR comparing the anti-TNF group with
M g3 4 a ] 5 2 Tq;; the unexposed group for SAEs was 1.67 (95% CI 1.31~
g g - - - E 2 g 2.13) and for SIs was 2.04 (95% CI 1.34-3.10); both of
5 8 » 2 | these IRRs were significantly elevated. The IRs of SAEs,
E = .gj “(% g Sls, and serious respiratory tract infections in the inflix-
4 - 2 ) © R g & | imabgroupand the etanercept group are shown in Table 2.
& 82| 7 N 5 S & €| The crude IRR comparing the infliximab group with the
3 E812 28 3z 85 ~c|€ F 4| etanercept group for SAEs was 1.49 (95% CI 1.10-2.03)
£ R -2 = o €l ¢ o % | andforSlswas1.16 (95% CI 0.72~1.87). The IRs of SAEs,
£ =58 b 3 = 2 5 = 3 Sls, serious respiratory tract infections, and SIs leading to
Z ) e “ 218 “E, £ | death are summarized in Table 2.
2 g 38 ;ﬁ In the anti-TNF group, there were 82 Sls, including 21
20 a = _ _ g s % opportunistic (14 cases of herpes zoster, 4 PCP, 3 pulmo-
A e 3 o = g nary cryptococcosis, and 1 pulmonary nontuberculous
”g’ & gg o T i hi = £ & mycobacterial infection) and 61 other infections. In the
<l E E° s 3 &5 38 23 ool 2 g .2‘ unexposed group, 30 Sls occurred, including 12 opportu-
SIEE" |3 z = = g s £ | nistic (4 cases of herpes zoster, 3 PCP, 2 pulmonary tuber-
18| 2 < 2 N & % % | culosis, and 3 pulmonary nontuberculous mycobacterial
Zl< s <+ g _F B O°F P Ty 1ol Y .
- - - F & 2 infections) and 18 other infections. The names of the Sls in
£ £ E% & | eachsite of infection are listed in Table 3. The respiratory
£ ’§ - = = 2 %12 E system was the most frequent site of infection (n = 59),
@ + S o @ |8 g2 £ followed by skin and subcutaneous tissue (n = 24), gas-
§ 8|S - - ~ j o :f - E £ é% E trointestinal (n = 6), urinary tract (n = 5), and bone and
g = : & 3 g © j w2 g E %é g joints (n = 5). Four of the latter 5 patients had histories of
§ |- = E g ‘é 2 A 3 joint surgery. Three patients in each group died from Sls.
£ g s & S|E g5 B , . :
- = S 5E = Continuous treatment with TNF antagonists and other
= = =8 = risk factors contributing to the development of SIs (ana-
ﬂa ) = 3 S E g 2 5 lysis 1). We initially performed univariate analyses to
ol T | - S o o S| £,82 Z | compare patients who did and did-not develop SIs {data
= gEB | ¥ wd o é ~ gé - é s g € | not shown) and selected the following variables for mul-
I Bl 2 T2 T8 S| 242€ & | tivariate analysis: age, sex, chronic pulmonary comorbid-
B 5 £ é N Q 51 % ?g 2 ; ity, diabetes mellitus, disease duration, calendar year, the
2 e o = SE-EE g%; £ | number of previous DMARDSs, Steinbrocker class, the use
3 o A 238 of immunosuppressive drugs, mean DAS28-CRP, and the
& g 3 82 °% 93 g5 mean dose of MTX and oral corticosteroids during the
@ g 2 TET ZEE observation period. We used Poisson regression models
= g ) 2552 ¢ & | and identified continuous use of TNF inhibitors as an
2 ot & 555555 | independent risk factor for the development of SIs (RR
= g& g% 5|t S5%2 | 1.97,95% CI1.25-3.19; P = 0.0045) (Table 4). Among the
= 2. = 2 ow ,24; < % % SE g% | confounding factors, we found that increasing age (RR 1.45
E 285285282528 328 2455 | per 10-year increment, 95% CI 1.20-1.77; P < 0.001),
2 ?ii > g § > a § b 8 § > 2% geg ;;g chronic pulmonary comorbidity (RR 1.77, 95% CI 1.15-
,82E8MgEREER | o822 2| 270; P=0.009), mean DAS28-CRP score (RR 1.33, 95% CI
L4885968590°320°3 | S8EEE | 1.05-1.66; P = 0.015), mean dosage of MTX >8 mg/week
3 e a% S & % S &2 % 2 & EefAE é;% (RR 2.14, 95% CI 1.15-3.87; P = 0.013), and mean dosage
A 2 2 =2 ©8+w 5w | of oral prednisolone =10 mg/day (RR 2.49, 95% CI 1.08~
5.50; P = 0.027) were significantly associated with SIs. The
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Table 3. Classification of serious infections*
No. of infections No. of deaths
Anti-TNF  Unexposed Anti-TNF  Unexposed
Site and name of infection group group group group
Pulmonary
Bacterial pneumonia 7 9 1 2
Fungal pneumoniat 7 3 0 1
Bronchitis 4 0 0 0
Nontuberculous mycobacterial infection 1 3 0 0
Empyema : 1 0 0 0
Tuberculosis 0 2 0 0
Aspiration pneumonia 1 0 1 0
Infectious pneumatocele 1 0 0 0
Total 42 17 2 3
Skin
Herpes zoster 14 4 0 0
Cellulitis 4 2 0 0
Total 18 6 0 0
Gastrointestinal
Infectious gastroenteritis 3 0 0 0
Acute suppurative cholangitis 1 0 0 0
Appendicitis 1 0 0 0
Infection due to drain replacement+ 0 1 0 0
Total 5 1 0 0
Urinary
Pyelonephritis 3 1 0 0
Urinary tract infection 1 0 0 0
Total 4 1 0 0
Bone and joints
Infectious arthritis 3 1 0 0
Osteomyelitis ' 0 1 0 0
Total 3 2 0 0
Others
Sepsis 4 1 0 0
Surgical wound infection 0 2 0 0
Bacteremia 1 0 0 0
Bacterial meningitis 1 0 1 0
Sinusitis 1 0 0 0
Viral meningitis 1 0 0 0
Unidentified 2 0 0 0
Total 10 3 1 0
* Anti-TNF = anti—tumor necrosis factor.
+ Fungal pneumonia included Pneumocystis jiroveci pneumonia and cryptococcal pneumonia.
% For the treatment of cholangiocellular carcinoma.

Poisson regression analysis also revealed that the RR of
TNF inhibitors in the first year was significantly elevated
(RR 2.40, 95% CI 1.20-5.03), but not in the second and
third years combined (RR 1.38, 95% CI 0.80-2.43).

Comparison of risk for SIs between infliximab and
etanercept (analysis 2). We next investigated possible dif-
ferences between the TNF inhibitors in their contribution
to risk for development of SIs. The PS of each patient was
calculated by logistic regression model as described in
the Methods. The model fit well; the Hosmer-Lemeshow
goodness-of-fit statistics did not show a significant differ-
ence between observed and predicted frequencies (P =
0.164). The patients with a PS of <0.4 (17.6% of the inflix-

imab group and 20.9% of the etanercept group) were con-
sidered not representing those receiving TNF antagonists
and we excluded them from the following analysis. We
constructed 3 Poison regression models to calculate the
RR from the use of etanercept for the development of
SIs compared to infliximab. In the first model, we adjusted
for age, sex, Steinbrocker class, chronic pulmonary co-
morbidity, diabetes mellitus, observation period, and the
PS. The second model added the mean dosage of MTX
(=8 or >8 mg/week) and the mean dosage of oral cortico-
steroids (<10 or =10 mg prednisolone or equivalent/day)
to the adjusting factors in the first model. The third model
added the calendar year and the number of previous non-
biologic DMARDs to the adjusting factors in the second



1132

Sakai et al

Table 4. Multivariate analysis of independent risk factors for serious infections during
continuous use of TNF antagonists in the Registry of Japanese Rheumatoid Arthritis
Patients for Long-Term Safety database*

RR (95% CDt P

TNF antagonist (infliximab or etanercept) 1.97 (1.25-3.19) 0.0045
Age by decade 1.45 (1.20-1.77) < 0.001
Chronic pulmonary disease 1.77 (1.15-2.70) 0.009
Diabetes mellitus 1.20 {0.69-1.97) 0.49
Mean DAS28-CRP (per 1.0 increment) 1.33 (1.05-1.66) 0.015
Mean MTX dosage >8.0 mg/week+ 2.14 (1.15-3.87) 0.013
Mean prednisolone dosage =10 mg/day+ 2.49 (1.08-5.50) - 0.027

methotrexate.

+ Mean dosage during the observation period.

* TNF = tumor pecrosis factor; RR = relative risk; 95% CI = 95% confidence interval; DAS28-CRP =
3-variable Disease Activity Score including 28-joint counts using the C-reactive protein level; MTX =

+ The RRs of biologic agents for development of serious infection for up to 3 years of the observation
period were calculated using the Poisson regression model after adjusting for confounding factors of age,
sex, disease duration, chronic pulmonary disease, diabetes mellitus, Steinbrocker class (28), calendar
year, number of previous disease-modifying antirheumatic drugs, observation period, disease activity,
immunosuppressive drugs, corticosteroid dose, and MTX dose.

model. The RR for using etanercept compared to inflix-
imab in the first model was 1.28 (95% CI 0.73-2.30, P =
0.41), for the second model was 1.39 (95% CI 0.69-2.76,
P = 0.35), and for the third model was 1.32 (95% CI
0.65-2.66, P = 0.44). We performed sensitivity analyses
using different cutoffs for PS and observed essentially the
same results. '

DISCUSSION

This is the first epidemiologic study of patients with RA
that uses a prospective cohort from an Asian country to
~ investigate the association of SIs and use of TNF antago-
nists during 3 years and includes patients that changed to
a second agent. In addition, we performed a head-to-head
comparison of the risk for Sls between infliximab and
etanercept. We demonstrated that the continuous use of
TNF antagonists for up to 3 years was an independent
risk factor for SIs (RR 1.97, 95% CI 1.25-3.19), but the
risk was time dependent. We also revealed that the RR for
SIs comparing the etanercept group with the infliximab
group after adjusting for covariates was not significantly
different.

Studies from European biologics registries analyzed the
association of TNF antagonists with infections in patients
with RA (32,33). There are some reports indicating that the
risk for SIs was not increased by TNF antagonists (21-24),
but other studies show significant associations between
the use of these agents and development of SIs (14~20,34—
36). Several of the latter studies revealed time dependence
of the risk for SIs (15,16,18-20,34), which is compatible
with our results where the risk for SIs was significantly
elevated only in the first year and declined in the second
and third years combined. The decrease in risk might be
explained in part by the effect of dropout patients who
developed SIs and stopped the TNF antagonist (34). Of
68 patients who developed SIs in the anti-TNF group, 22
discontinued the biologic agents. Patients who were not

susceptible to SIs were more likely to remain in the cohort,
which could contribute to reduced risk with increasing
observation period.

Increasing age, presence of chronic pulmonary comor-
bidity, higher mean DAS28-CRP, mean dosage of MTX >8
mg/week, and mean dosage of oral prednisolone =10 mg/
day were identified as independent risk factors for Sls in
this study. Most previous studies have reported that in-
creasing age, pulmonary comorbidity, and use of oral pred-
nisolone were risk factors for infections (14,21-23,35,36)
and for PCP (37) in RA patients treated with TNF antago-
nists. Conflicting results, however, have been reported re-
garding the association of disease activity and risk for SIs
(23,36). Because disease activity is often improved rapidly
and significantly by treatment with biologic agents, in-
cluding TNF antagonists, it seems reasonable that baseline
disease activity may not accurately predict infectious
events. Mean disease activity during the observation pe-
riod may serve as a better predictor, as our study indicates.

In Japan, the data from postmarketing surveillance pro-
grams conducted by pharmaceutical companies showed
that the IRs of pneumonia, PCP, and tuberculosis occur-
ring during the first 6 months of treatment with infliximab
were numerically higher than those of etanercept (11-13).
In the present study, however, we show that the risk for SIs
of treatment with etanercept during the longer observation
period was not significantly different from that of inflix-
imab after adjusting for covariates. Some observational
studies directly (23) or indirectly (17,20) compared the
risk for SIs between treatment with infliximab and etaner-
cept, and found no statistically significant difference. A
recent meta-analysis including randomized controlled tri-
als and their extension studies also supports the results
of our study; the odds ratio of etanercept treatment for Sls
indirectly compared with infliximab was 0.73 (85% CI
0.46-1.15), which was not statistically significant (38).

There are a number of limitations to our study. First, we
have to consider possible selection bias in our study. All of



Association Between TNF Antagonists and Serious Infections in RA

1133

the patients were enrolled from university hospitals or
referral hospitals that are dedicated to the treatment of RA.
The number of the unexposed group was smaller than that
of the anti-TNF group in this study, which did not reflect
the real world and may indicate unidentified selection
bias. Although we estimated the risk of SIs after adjusting
for variables that were clinically important, we had to
interpret our data under these conditions. A second limi-
tation is the effect of prevalent users on the analyses. In the
exposed group, there were 273 prevalent nonbiologic
DMARD users who had already been receiving the nonbio-
logic DMARDs at enrollment in the REAL database, and
the rest were incident nonbiologic DMARD users. Inclu-
sion of these prevalent nonbiologic BMARD users in our
cohort might lead to the underestimation of the incidence
of SIs. However, the majority of these patients started new
nonbiologic DMARDs or underwent dose escalations of
nonbiologic DMARDs during the observation period (data
not shown), reducing the degree of underestimation.
Third, the mean observation periods for both groups were
approximately 2 years; it is possible that we underesti-
mated the rate of SIs in the third year. Fourth, the mean
dose of MTX of our database is lower than those of West-
ern cohorts. In Japan, the maximum approved dosage of
MTX for RA has been increased since February 2011 and
Japanese rheumatologists can now officially prescribe
MTX up to 16 mg/week for patients with RA. Therefore, in

the future, we will be able to conduct further studies to -

examine the risk of TNF antagonists in patients receiving a
higher dose of MTX.

In conclusion, we have shown that the continuous use
of TNF therapy for up to 3 years in Japanese patients with
RA, including cases where a clinical switch to a second
TNF antagonist was employed, time dependently in-
creased the risk for SIs compared to treatment with non-
biologic conventional DMARDs. A comparison of actual
long-term safety among different classes of biologic
DMARD:s using registry data will be necessary for choosing
the appropriate treatment of RA and needs to be per-
formed.
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ABSTRACT

Objective To compare reasons for discontinuation and
drug retention rates per reason among anticytokine
therapies,.infliximab, etanercept and tocilizumab, and the
risk of discontinuation of biological agents due to adverse
events {AE) in patients with rheumatoid arthritis (RA).
Method This prospective cohort study included Japanese

RA patients who started infliximab {n=412, 636.0 patient-

years (PY)), etanercept (n=442, 765.3 PY), or tocilizumab
{(n=168, 206.5 PY) as the first biological therapy after
their enrolment in the Registry of Japanese Rheumatoid
Arthritis Patients for Long-term Safety (REAL) database.
Drug retention rates were calculated using the Kaplan—
Meier method. To compare risks of drug discontinuation
due to AE for patients treated with these biological
agents, the Cox proportional hazard mode! was applied.
Results The authors found significant differences among
the three therapeutic groups in demography, clinical
status, comorbidities and usage of concomitant drugs.
Development of AE was the most frequent reason for
discontinuation of biclogical agents in the etanercept and
tocilizumab groups, and the second most frequent reason
in the infliximab group. Discontinuation due to good control
was observed most frequently in the infliximab group.
Compared with etanercept, the use of infliximab {HR 1.69;
95% Cl 1.14 to 2.51) and tocilizumab (HR 1.98; 95% CI
1.04 to 3.76) was significantly associated with a higher
risk of discontinuation of biological agents due to AE.
Conclusions Reasons for discontinuation are
significantly different among biological agents. The use
of infliximab and tocilizumab was significantly associated
with treatment discontinuation due to AE compared with
gtanercept.

Biological disease-modifying antirtheumatic drugs
(biological agents) are a standard treatment for
rheumatoid arthritis (RA).! 2 A number of clinical
trials have demonstrated that biological agents
significantly improve signs and symptoms of RA
patients with both early and established disease,
and that remission of RA can be achieved with

biological agents not only in early RA patients, but
also in established RA patients who have shown
inadequate responses to conventional non-bio-
logical disease-modifying antitheumatic drugs
(DMARD).

InJapan, six biological agents have been approved
for the treatment of RA, infliximab in 2002, etaner-
cept in 2005, tocilizumab and adalimumab in 2008,
abatacept in 2010 and golimumab in 2011. These
drugs are widely used in clinical practice accord-
ing to treatment guidelines for biological agents by
the Japan College of Rheumatology®  and Japanese
drug package inserts. Postmarketing surveillance
and some clinical studies have shown short-term
effectiveness and safety of these biological agents
for Japanese RA patients.>® The European League
Against Rheumatism recommendations for the
management of RA state that a tumour necrosis
factor (TNF) antagonist should be administered as
the first biological DMARD for patients who fail
to respond to non-biological DMARD, including
methotrexate,” whereas Japanese guidelines do not
clearly specify the precedence of biological agents.

Some RA patients treated with biological agents
are compelled to stop the administration of these
drugs because of lack of efficacy (LOE), adverse
events (AE), or financial reasons. In addition, some
RA patients discontinue biological agents in the
hope of a biological-free remission or biological-
free low disease activity status.!®-'2 In general,
drugs with high retention rates have a good balance
between long-term effectiveness and tolerability,
reflecting the satisfaction of patients and doctors
with the treatment. Because treatment for RA con-
tinues for many years or is life-long in the major-
ity of patients, the examination of long-term drug
retention rates using a prospective cohort study is
important for the evaluation of biological agents.

To establish better treatment strategies for RA,
it is important to identify reasons and risk factors
causing the discontinuation of a drug, especially for
biological agents. Several studies have shown that
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