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Summary

The Janus kinase inhibitor tofacitinib is currently being investigated as a
disease-modifying agent in rheumatoid arthritis (RA). We investigated the
in-vivo effects of tofacitinib treatment for 4 weeks on elevated circulating
acute-phase serum amyloid (SAA) levels in 14 Japanese patients with RA.
SAA levels fell from 110·5 ± 118·5 μg/ml (mean ± standard deviation) at
treatment initiation to 15·3 ± 13·3 μg/ml after 4 weeks treatment with
tofacitinib. The reduction in SAA levels was greater in patients receiving
tofacitinib plus methotrexate compared with those receiving tofacitinib
monotherapy. Tofacitinib was also associated with reduced serum interleu-
kin (IL)-6, but had no effect on serum levels of soluble IL-6 receptor. Patients
were divided into groups with adequate (normalization) and inadequate
SAA responses (without normalization). Serum IL-6 levels were reduced
more in the group with adequate SAA response compared with those with
inadequate SAA response. These results suggest that tofacitinib down-
regulates the proinflammatory cytokine, IL-6, accompanied by reduced
serum SAA levels in patients with active RA. The ability to regulate elevated
serum IL-6 and SAA levels may explain the anti-inflammatory activity of
tofacitinib.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
characterized by persistent synovitis, systemic inflammation
and ultimately by joint destruction [1]. Several different cel-
lular responses are involved in the pathogenesis of RA,
including activation of immune-inflammatory cells and the
production of proinflammatory cytokines from these cells
[2]. Biological disease-modifying anti-rheumatic drugs
(DMARDs) may interact with the biological targets such as
circulating cytokines, including tumour necrosis factor
(TNF)-α and interleukin (IL)-6 or their receptors, or with
co-stimulatory cell surface molecules such as CD80/CD86
[3]. However, further treatments are needed for patients
with an inadequate response to methotrexate (MTX) and
these biological DMARDs [4].

Small-molecule inhibitors of signalling mediators have
been introduced recently, with intracellular targets such as
the Janus kinase (JAK) family of tyrosine kinases [5].
Tofacitinib (CP-690, 550) is a novel oral JAK inhibitor

developed as a targeted immunomodulator and disease-
modifying therapy for RA [6]. Tofacitinib plus MTX has
produced rapid and clinically meaningful improvements in
patients refractory to treatment with MTX or TNF-
blockers, suggesting that it might represent an effective
treatment option for refractory RA [7–11].

C-reactive protein (CRP) and acute-phase serum amyloid
(SAA) are the major acute-phase reactants in RA, but have
different functions and are regulated differentially [12]. Pre-
vious studies have demonstrated that SAA has a wider
dynamic range and may be the better marker for assessing
inflammatory joint disease [13]. IL-6 is one of the major
factors affecting the induction of SAA in RA, and monoclo-
nal antibodies to IL-6R-mediated signalling have proved
clinically beneficial in patients with AA amyloidosis, by nor-
malizing elevated SAA levels [14]. Binding of IL-6 to the
IL-6 receptor (IL-6R) results in the activation of JAK-1/
JAK-2, which in turn results in the recruitment of signal
transducer and activator of transcription-3 (STAT-3) [15].
JAK-mediated phosphorylation of STAT-3) is crucial for its
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nuclear translocation and for activating transcription of
SAA [16]. We previously demonstrated that CP690,550
abrogated IL-6-mediated A-SAA mRNA expression by
preventing JAK-2/STAT-3 activation in rheumatoid
synoviocytes [17]. In the current study, we investigated the
in-vivo effects of tofacitinib on circulating SAA levels in
Japanese patients with active RA.

Material and methods

Patients

Eligible patients were age ≥18 years with a diagnosis of
active RA, based on the American College of Rheumatology
1987 revised criteria. Active disease was defined as ≥ 6
tender/painful joints (68-joint count) and ≥ 6 swollen joints
(66-joint count), and an erythrocyte sedimentation rate
(ESR) (Westergren method) > 28 mm/h or a CRP level of
> 7 mg/l (reference range 0–10 mg/l). Patients were also
required to have evidence of ≥ 3 distinct joint erosions on
posteroanterior hand and wrist radiographs or anteropos-
terior foot radiographs, as determined by the investigator. If
radiographic evidence of joint erosions was unavailable,
immunoglobulin (Ig)M rheumatoid factor (RF) positivity
or the presence of antibodies to cyclic citrullinated peptide
were considered as acceptable evidence.

Study design and treatment

This study was conducted at multiple centres in Japan, in
compliance with the ethical principles of the Declaration of
Helsinki and with all International Conference on Harmo-
nization Good Clinical Practice guidelines. The study is
registered with ClinicalTrials.gov. The study protocol was
approved by the institutional review board and/or inde-
pendent ethics committee of each study centre, and the
patients provided written informed consent.

One included study was a Phase III, randomized, double-
blind, placebo-controlled study of tofacitinib in combina-
tion with MTX (Pfizer protocol A3921044, NCT00687193)
conducted in North America, South America, Europe, Asia
and Australia between 31 March 2009 and 1 April 2011.
This analysis included 12-month data for all patients.
Patients were randomized in a ratio of 4:4:1:1 to one of four
treatments: tofacitinib 5 mg twice daily; tofacitinib 10 mg
twice daily; placebo to tofacitinib 5 mg twice daily; and
placebo to tofacitinib 10 mg twice daily, all combined with
stable doses of MTX. MTX doses were 15–25 mg weekly for
≥6 weeks, although stable doses < 15 mg were allowed if
there were safety issues at higher doses. Stable doses of low-
dose corticosteroids (≤ 10 mg/day prednisone or equiva-
lent) and non-steroidal anti-inflammatory drugs were also
allowed. Prior use of biological or non-biological DMARDs
was permitted.

A second included study was a Phase III, randomized,
double-blind, placebo-controlled trial of tofacitinib
monotherapy (Pfizer protocol A3921040, NCT00847613).
Patients were assigned randomly in a 1:1:1:1:1:1 ratio to 1,
3, 5, 10 or 15 mg of tofacitinib twice daily or placebo for 3
months.

Procedures

Consecutive pairs of sera (before and after 4 weeks) were
taken for each patient and assessed without knowledge of
the patient’s identity, treatment or laboratory results. No
patient recruited into the study was lost before the baseline
assessment. SAA concentrations were determined by the
latex agglutination nephelometric immunoassay test (LZ
test ‘Eiken’ SAA; Eiken Kagaku Co. Ltd, Tokyo, Japan).
Serum IL-6 and soluble IL-6 receptor (sIL-6R) levels were
measured using a sensitive sandwich enzyme-linked immu-
nosorbent assay (ELISA) kit (R&D Systems Inc., Minneapo-
lis, MN, USA). The detection limit of the IL-6 ELISA assay
is 0·04 pg/ml in sera. All measurements were made in dupli-
cate, and the average values were used in the statistical
analyses.

Statistical analysis

Laboratory data were expressed as mean ± standard devia-
tion (s.d.) of tested samples. Statistical analysis used the
paired t-test. The overall effect of tofacitinib was evaluated
with the paired t-test on the basis of changes from baseline
level observed after tofacitinib administration. Data were
analysed using spss software (SPSS Inc., Chicago, IL, USA).
P-values less than 0·05 were considered significant.

Results

Subjects

Fifteen subjects with active RA were enrolled. All enrolled
subjects completed all the planned evaluations for efficacy
and safety analyses. The 15 patients included 10 from study
3920144 and five from study A3921040. One patient
enrolled in the A3921040 study received placebo, and the
remaining 14 patients received various doses of tofacitinib.
The patient who received placebo was excluded following
the analysis of pretreatment and post-treatment sera. The
baseline characteristics of the RA patients who received
tofacitinib are shown in Table 1. The mean age of the
patients ranged from 26–62 years and the mean duration of
RA ranged from 4 to 27 years. A total of 92·9% (13 of 14) of
the patients were women. The mean baseline disease-
activity score (DAS)28 (CRP) was 5·66 ± 0·77, indicating
that the patients enrolled in the trial had moderate or high
RA disease activities. Baseline C-reactive protein (CRP)
levels were 1·34 ± 1·05 mg/dl in the enrolled patients.
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SAA values at treatment initiation and after 4 weeks

We have demonstrated previously that tofacitinib abrogated
the A-SAA mRNA expression by inhibiting IL-6-mediated
JAK-2/STAT-3 activation in rheumatoid synovial fibro-
blasts. We therefore measured serum SAA levels after 4
weeks of tofacitinib treatment and compared them with
pretreatment levels using SAA-specific latex agglutination
nephelometric immunoassay. As shown in Fig. 1, baseline
levels of SAA were elevated (mean ± s.d.; 110·5 ± 118·5 μg/
l). Significant reductions in SAA occurred after 4 weeks’
treatment with different doses of tofacitinib (15·3 ±
13·3 μg/ml). In patients receiving background MTX, SAA
levels fell from 136·4 ± 132·0 μg/ml at treatment initiation

to 12·8 ± 12·0 μg/ml after 4 weeks. In patients receiv-
ing tofacitinib alone (without MTX), SAA levels fell
from 45·9 ± 28·3 μg/ml at treatment initiation to 21·4 ±
16·4 μg/ml after 4 weeks’ treatment. The reduction in SAA
levels was greater in the MTX plus tofacitinib group com-
pared with the tofacitinib alone group (Fig. 2).

Serum IL-6 values at treatment initiation and after
4 weeks

IL-6 is a proinflammatory cytokine, which induces SAA. We
measured serum IL-6 levels after 4 weeks of tofacitinib
treatment and compared them with pretreatment levels
using IL-6-specific ELISA kits. As shown in Fig. 3, baseline
levels of IL-6 were elevated (mean ± s.d.; 39·2 ± 38·6 pg/
ml), but significant reductions in IL-6 occurred after 4
weeks treatment with different doses of tofacitinib
(7·9 ± 8·9 pg/ml).

Table 1. Baseline characteristics of the patients.

Tofacitinib (n = l4)

Female sex, n (%) 13 (92·9)

Age (years) 47·8 ± 9·5

Stature (cm) 158·0 ± 6·5

Body weight (kg) 57·2 ± 12·0

Stage

II 3

III 5

IV 6

Duration of rheumatoid arthritis (years)

Mean (range) 10·6 ± 5·9 (4–27)

Tender and swollen joints, mean n

Tender 30·4 ± 16·4

Swollen 24·3 ± 12·5

DAS28 (CRP) 5·66 ± 0·77 (4·05–6·46)

Erythrocyte sedimentation rate

(mm/h, range)

32·1 ± 14·3 (15–56)

C-reactive protein (mg/dl, range 1·34 ± 1·05 (0·23–3·84)

Prior treatment

TNF inhibitor – n (%) 2 (14·3)

IL-6 inhibitor – n (%) 1 (7·1)

Prednisolone – n (%) 14 (100)

Dosage (mg/day) 6·2 ± 2·5

Methotrexate – n (%) 10 (71·4)

Dosage (mg/week) 7·8 ± 1·8

CRP: C-reactive protein; IL-6: interleukin-6; TNF: tumour necrosis

factor.
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Fig. 2. The serum levels of acute-phase serum

amyloid (SAA) from rheumatoid arthritis (RA)

patients receiving methotrexate (MTX) plus

tofacitinib or tofacitinib alone. SAA was

measured before and at 4 weeks after tofacitinib

treatment.
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Fig. 1. The serum levels of acute-phase serum amyloid (SAA) from

rheumatoid arthritis (RA) patients receiving tofacitinib treatment.

SAA was measured before and at 4 weeks after tofacitinib treatment.

There was a significant difference between the SAA levels before and at

4 weeks.
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We further characterized the relationship between SAA
and serum IL-6 by grouping patients according to SAA nor-
malization (<8 μg/ml) during treatment with tofacitinib.
Among the RA patients who received tofacitinib, 71·4% (10
of 14) had an adequate decline in SAA (<8 μg/ml, normal
range), whereas 28·6% (four of 14) had an inadequate SAA
decline. Changes in serum IL-6 levels were compared
between both groups. Serum IL-6 levels fell from
51·6 ± 11·6 pg/ml at treatment initiation to 11·5 ± 7·1 pg/ml
after 4 weeks in the SAA normalization group, and from
51·7 ± 11·4 pg/ml to 21·5 ± 11·7 pg/ml in the group without
SAA normalization (Fig. 4). The decrease of serum IL-6
levels was greater in the group with SAA normalization.
Similarly, the reduction of DAS28 (CRP) was greater in the
group without SAA normalization compared to the group
without SAA normalization (Fig. 5).

Circulating and soluble IL-6R during
tofacitinib treatment

Changes in circulating and soluble IL-6R (sIL-6R) levels are
considered to be clinically meaningful, because IL-6/sIL-6R
signalling plays an important role in SAA induction in
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Fig. 3. The serum levels of interleukin (IL)-6 from rheumatoid
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Fig. 5. DAS28 [C-reactive protein (CRP)] in

from rheumatoid arthritis (RA) patients with or

without acute-phase serum amyloid (SAA)

normalization. RA patients receiving tofacitinib

were divided into patients with an adequate
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inflammatory diseases. However, tofacitinib did not reduce
the serum sIL-6R levels after 4 weeks’ treatment with
tofacitinib (Fig. 6).

Discussion

Tofacitinib is a potent, orally active small-molecule inhibi-
tor of JAK with specificities for JAK-1, JAK-2 and JAK-3 at
clinically relevant concentrations [18]. Although tofacitinib
has demonstrated an ability to control rheumatoid synovi-
tis, its immunological mechanism of action in active arthri-
tis remains unclear. In the present study, we investigated the
effects of tofacitinib on serum levels of acute-phase reac-
tants. Serial laboratory measurements revealed a reduction
in the acute-phase protein SAA following tofacitinib admin-
istration. Several cytokines contribute to the induction of
the acute-phase response, of which IL-6 is of particular
importance [19]. Serum IL-6 is elevated in RA patients and
correlates with rheumatoid disease activity [20]. In the
current study, tofacitinib reduced high baseline circulating
IL-6 levels in RA patients in parallel with the fall in circulat-
ing SAA levels. This is the first evidence to demonstrate the
effective regulation of IL-6 and the acute-phase reactant
SAA by tofacitinib in patients with active RA.

Although the number of the cases is limited, in patients
with SAA normalization after tofacitinib treatment the
reduction of serum IL-6 levels and DAS28 was greater com-
pared to those without SAA normalization. The correlation
between serum levels of SAA and IL-6 was demonstrated in
RA patients [21]. Recent studies also demonstrated that
A-SAA levels were correlated significantly with clinical
disease activity in inflammatory arthritis [20]. These find-
ings may contribute to our data, in which normalization of

SAA was associated with the decrease of circulating IL-6
levels or RA disease activity after tofacitinib treatment.
Additionally, there was heterogeneity in the changes of
serum IL-6 levels after tofacitinib. In a few patients, the
reduction of serum IL-6 was marginal. Elevated serum
levels of IL-6 in RA patients were shown to be decreased in
responders for biological treatments [22]. In patients with
an inadequate response to tofacitinib or patients without
elevated IL-6 levels at the baseline, the changes of serum
IL-6 could be minimal after tofacitinib treatments, com-
pared to those with adequate response.

In general, the interaction between a cytokine and its
membrane receptor results in intracellular signalling that
triggers a cascade involving activation of JAKs followed by
phosphorylation of STAT proteins [15]. Tofacitinib was first
identified as an inhibitor of JAK-3, which is involved in
signal transduction by the cytokine receptor family employ-
ing the common γ chain (IL-2R, IL-4R, IL-7R, IL-15R,
IL-9R, IL-21R). These receptors are essential for activation
of T cells [5,23]. In addition to the T cell-associated
cytokines, JAK are also associated with other cytokine
receptors such as IL-6, IL-12 and IL-23 in non-lymphoid
cells [24], including macrophages and synoviocytes. We pre-
viously demonstrated that treatment of synoviocytes with
tofacitinib reduced expression of the IL-6-mediated acute-
phase reactant, SAA, by blocking JAK-2/STAT-3 signalling
[17]. The combined inhibition of JAK-1/-2/-3 with
tofacitinib may account for its anti-inflammatory activity
against IL-6-mediated proinflammatory pathways.

Compounds that inhibit tyrosine kinase pathways
involved in cellular signalling have been shown to be effec-
tive for the treatment of RA [5]. Tofacitinib, formerly desig-
nated CP690,550, is one of the JAK inhibitors that has
entered clinical practice for RA and has been approved by
the Food and Drug Administration (FDA) and Pharmaceu-
ticals and Medical Devices Agency, Japan (PMDA), to treat
patients with moderately active RA who have had an inad-
equate response to or who are intolerant of MTX.
Tofacitinib potentially inhibits cγ cytokines, but also blocks
interferon (IFN)-γ and IL-6 [25]. Indeed, we demonstrated
that tofacitinib treatment reduced elevated SAA levels in RA
patients, probably by interrupting an IL-6-mediated STAT-3
signalling pathway required for SAA induction. However,
tofacitinib unexpectedly also suppressed elevated IL-6 levels
in patients with active RA.

The precise anti-inflammatory mechanisms of tofacitinib
remain unclear. IL-6 plays a pivotal role in the pathogenesis
of RA, and anti-IL-6 receptor antibodies have been shown
to be therapeutically useful in RA [26]. The mechanism of
tofacitinib-induced down-regulation of circulating IL-6 in
RA patients remains unknown. A previous study showed
that tofacitinib inhibited human IL-6 derived from RA
synovium implanted in severe combined immunodeficient
(SCID) mice [27]. However, it did not directly affect IL-6
production by RA synoviocytes, CD14+ monocytes and
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CD4+ T cells. Meanwhile, IL-6 production from synovial
fibroblasts was inhibited by conditioned medium from
CD4+ T cells cultured with tofacitinib, indicating an indirect
effect of tofacitinib on rheumatoid synovial fibroblasts [27].
More recently, Yarilina et al. investigated the effects of
tofacitinib on IFN signalling using rheumatoid synovial
macrophages and found that tofacitinib suppressed the
TNF responses by interfering with nuclear factor-κB signal-
ling, resulting in the inhibition of IL-6 production [28].
These findings suggest that tofacitinib may suppress IL-6
induction by affecting the TNF-mediated innate immune
response. Similarly, tofacitinib treatment resulted in signifi-
cant and rapid decreases in both plasma and tissue levels of
IL-6 in a rat adjuvant-induced arthritis model [29]. The
ability of tofacitinib to modulate innate responses to
lipopolysaccharide (LPS) or IFN-γ by affecting STAT-1 sig-
nalling has been demonstrated [26]. It is possible that direct
or indirect inhibition of cytokine-dependent IL-6 produc-
tion may play a role in the anti-inflammatory activity of
tofacitinib. Many cytokines are elevated in RA patients,
which then act on macrophages and innate immune cells
that are implicated in the pathogenesis of RA [1,2]. Given
that IL-6 blockade is an effective therapy for RA, IL-6 repre-
sents a candidate for explaining the efficacy of tofacitinib.
These results raise the possibility that inhibition of IL-6
production, as well as IL-6-mediated signalling, may help to
explain the therapeutic efficacy of tofacitinib.

In conclusion, tofacitinib can reduce serum levels of SAA
in patients with active RA. In addition, tofacitinib may also
modulate serum levels of the proinflammatory cytokine
IL-6. The immunomodulatory activity of tofacitinib against
these proinflammatory molecules provides a mechanistic
basis to support the anti-inflammatory properties of this
small-molecule compound.
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