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Introduction

Summary

The tumour necrosis factor (TNF)-a-induced proteins (TNFAIP)9 and
TNFAIP3 play an important pathogenic role in murine arthritis. To
clarify their pathophysiological roles in patients with rheumatoid arthritis
(RA), we examined their expression and localization in peripheral blood
mononuclear cells (PBMC). TNFAIP9 and TNFAIP3 mRNA expression
was determined in PBMC of RA patients and healthy subjects (control).
Flow cytometry was used to analyse the main TNFAIP9- and TNFAIP3-
expressing cell populations. TNFAIP9 and TNFAIP3 mRNA expression
levels were examined in vitro on CD14" cells stimulated with TNF-a and
lipopolysaccharide (LPS). The expression levels of TNFAIP9 and
TNFAIP3 mRNA were also measured before and 12 weeks after treatment
with tocilizumab and abatacept. TNFAIP9 expression was significantly
higher, while TNFAIP3 expression was lower in PBMC of RA (n = 36)
than the control (n = 24) (each P <0-05). TNFAIP9 was expressed on
CD14" cells, especially in human leucocyte antigen D-related (HLA-
DR) "CD14%#"CD16 cells, while TNFAIP3 was expressed mainly on
CD3" T cells. TNF-a and LPS induced TNFAIP9 and TNFAIP3 in
human CD14 monocytes in vitro. Treatment with tocilizumab (n = 13),
but not abatacept (n = 11), significantly reduced TNFAIP9 mRNA
expression in PBMC, which was associated with reduction in the number
of circulating CD14"8" monocytes. The expression of TNFAIP9 in
CD14" cells was specifically elevated in patients with RA, regulated by
TNF-a and LPS, and suppressed by tocilizumab, while TNFAIP3 in
PBMC showed different localization and induction patterns.

Keywords: monocytes, pathogenesis, rheumatoid arthritis, TNFAIP9, TNEF-
a-induced proteins

human homologue of six-transmembrane epithelial anti-

Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disease that targets mainly multiple joints. Cyto-
kines [e.g. (TNF)-a  and
interleukin (IL)-6] play a crucial role in the pathogenesis
of RA, and many studies have reported the efficacy of
treatments that target such molecules [1-3]. TNF-a
induces numerous proteins during the inflammatory pro-

tumour-necrosis  factor

cess. In recent years some of these proteins, so-called
TNF-a-induced proteins (TNFAIPs), have gained a great
deal of interest. One of these proteins is TNFAIP9, or
TNF-a-induced adipose-related protein (TIARP), the

gen of prostate 4 (STEAP4). We have reported previously
the up-regulation of TNFAIP9 in CD11b" splenocytes
and joints of glucose-6-phosphate isomerase (GPI)-
induced  arthritis, and  that  TNFAIP9-deficient
(TNFAIP9™") mice developed spontaneous enthesitis and
synovitis with overproduction of IL-6 [4,5]. Moreover, it
was suggested that TNFAIP9 regulate arthritis negatively
by suppressing IL-6 production and signalling and TNEF-
a-induced nuclear factor (NF)-kB signalling. However,
the expression and function of TNFAIP9 in human RA
remain unclear.
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Table 1. Characteristics of the study subjects

Healthy
subjects RA patients
(n =24) (n = 36)
Females, n (%) 20 (83%) 31 (86%)
Males, 1 (%) 4 (17%) 5 (14%)
Age (years) 38 + 11 55 = 10
Disease duration (years) 9+8
Steinbrocker stage, n (1/2/3/4) 4/16/5/11
Steinbrocker functional 7/17/11/1
class, n (1/2/3/4)
DAS28-CRP 39 * 1.0
Erythrocyte sedimentation 289 * 168
rate (mm/h)
C-reactive protein (mg/dl) 144 =12
Rheumatoid factor (IU/ml) 138-7 *+ 409-2
Matrix metalloproteinase 243.7 = 1931
3 (ng/ml)
Anti-CCP antibodies 24 (unknown: 12)
positive, n

Prednisolone use, 31 (86%, 6-2 * 2-8 mg/day)
n (%, mean dose)

Methotrexate use, 36 (100%, 8 = 1 mg/week)
n (%, mean dose)

Use of biological 0 (0%)

agents, 1 (%)

Values are mean * standard deviation or numbers/percentages.
CRP = C-reactive protein. RA = rheumatoid arthritis; DAS 28 = dis-
ease activity score in 28 joints; CCP = cyclic citrullinated peptide.

Another TNFAIP, TNFAIP3, also known as A20, is a
cytoplasmic zinc finger protein expressed in all types of
cells. TNFAIP3 also regulates NF-kB negatively by
de-ubiquitinating specific signalling molecules [6].
TNFAIP3-deficient mice are hypersensitive to TNF and die
prematurely due to severe multi-organ inflammation and
cachexia [7]. Matmati et al. [8] reported that myeloid-
specific TNFAIP3-deficient mice spontaneously developed
severe polyarthritis resembling human RA. These findings
suggest that TNFAIP3 expressed on monocytes and macro-
phages also acts as a negative regulator of arthritis.

Thus, these two TNFAIPs seem to play a pivotal role in
arthritis in mice. In this regard, we have recently sum-
marized and discussed the similarities and differences
between these two proteins [9]. The expression levels of
TNFAIP9 in the spleen and joints are the reverse of those
of TNFAIP3 in GPI-induced arthritis, and some associa-
tion between the two has been observed in macrophages
[9]. To our knowledge, however, the molecular expres-
sion, localization, fluctuation and comparison of
TNFAIP3 and TNFAIP9 in humans remain elusive. The
present study was designed to delineate the expression of
TNFAIP3 and TNFAIP9 in human peripheral blood
mononuclear cells (PBMC) and to define the similarities
and differences between the two proteins.

TNFAIP9 and TNFAIP3 in RA
Materials and methods

Subjects and blood samples

Peripheral blood samples were obtained from 36 patients
with RA and 24 healthy subjects (HS) for quantitative real-
time reverse transcription—polymerase chain reaction (qQRT-
PCR). All RA patients were being treated with disease-
modifying anti-rheumatic drug (DMARDs) and/or prednis-
olone, but none had received biological agents. RA disease
activity was assessed by the disease activity score in 28 joints
(DAS28)—C-reactive protein (CRP) [10]. The characteristics
of the patients and HS are shown in Table 1.

Peripheral blood samples were also obtained from 23
RA patients (a part of 36 patients, above) who had not
been treated with biological agents and 13 HS for analysis
of TNFAIP9 mRNA expression in CD14™ cells and analysis
of the CD14™ cell subpopulation. To analyse the effects of
biological agents, we collected new blood samples from 11
RA patients who were treated with tocilizumab and 13 RA
patients who were treated with abatacept. DAS 28-CRP
was calculated at baseline and after 12 weeks of treatment,
and the response to treatment was determined according
to the response criteria of the European League Against
Rheumatism (EULAR)
of the 24 patients are shown in Table 2.

All RA patients fulfilled the American College of Rheu-
matology (ACR) 1987 criteria for the classification of RA
[11]. All subjects provided informed consent and the rele-
vant ethics review committee approved the study. PBMC

[10]. The baseline characteristics

were separated from Dblood wusing Ficoll density
centrifugation.

qRT-PCR

Total RNA was extracted with Isogen (Nippon Gene,
Toyama, Japan) using the protocol provided by the manu-
facturer, and ¢cDNA was synthesized using a reverse tran-
scription kit. RT-PCR was performed using the SYBR

Table 2. Characteristics of study subjects treated with biological

agents
Tocilizumab Abatacept
(n=11) (n=13)
Females, n 10 12
Age (years) 57 £ 13 49 £ 16
Disease duration 13 = 15 6+ 12
(years)
Steinbrocker stage, 2/3/3/3 3/5/3/2
n (1/2/3/4)
DAS28-CRP 4.0 = 0.7 34 *+ 16

Prednisolone use, 9 (64 * 3-1 mg/day) 8 (9-8 = 3-5 mg/day)
n (mean dose)
Methotrexate use, 6 (9-7 £ 3-0 mg/week) 4 (9-0 * 4-2 mg/week)

n (mean dose)

Data are mean * standard deviation. Abbreviations as in Table 1.
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Green I method with the 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA). Data of the
controls and patients with RA were calculated by the AACt
method, while the other data were analysed using prepared
standard curves. All data were normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The
primers used in real-time PCR were the following: TNFAIP9
forward, 5-AAGCAATTCATGAAGCCTGAAGCTA-3/, TNF
ATP9 reverse; 5’ GGCCAAAGGTCAGGTCTGGA-3', TNFA
IP3 forward, 5-TGCTGCCCTAGAAGTACAATAGGAA-3/,
TNFAIP3 reverse, 5-GCAGCTGGTTGAGTTTATGCAAG-3';
GAPDH forward, 5'-GCACCGTCAAGGCTGAGAAC-3', GA
PDH reverse, 5 -TGGTGAAGACGCCAGTGGA-5'.

Flow cytometry

PBMC (5 X 10 cells) obtained from the control subjects and
RA were washed with phosphate-buffered saline (PBS) con-
taining 2-5% fetal bovine serum (FBS) and 0-02% sodium
azide, and stained with monoclonal antibodies against CD14
[antigen-presenting cells (APC); Biolegend, San Diego, CA,
USA], CD16 [phycoerythrin (PE); Biolegend] and human leu-
cocyte antigen D-related (HLA-DR) [peridinin chlorophyll/
cyanin 5-5 (PerCp/Cy5-5); Biolegend], CD3 (PerCP; Biole-
gend) and CD20 (APC; Biolegend). Intracellular staining was
performed using the BD Cytofix/Cytoperm method according
to the manufacturer’s instructions, and then cells were stained
with 0-5 pig anti-human TNFAIPY antibody (clone: 418714;
R&D Systems, Minneapolis, MN, USA) or 0-5 pg anti-
TNFAIP3 antibody (clone: 59A426; Abcam, Cambridge, MA,
USA) conjugated using Zenon Alexa Fluor 488 anti-mouse
immunoglobulin (Ig)G labelling kit (Invitrogen, Eugene, OR,
USA). As isotype control, purified mouse IgG2b (BD Phar-
mingen, San Jose, CA, USA) and mouse IgG1 (Biolegend)
were used. Data were analysed on a fluorescence activated cell
sorter (FACS)Calibur and Verse using CellQuest software (BD
Bioscience, San Jose, CA, USA) and FlowJo software (TreeStar,
Inc., Ashland, OR, USA). The mean fluorescence intensity
(MFI) ratio was calculated by the MFI of the sample divided
by the MFI of isotype control. Monocyte populations were
identified as HLA-DR-expressing CD14" cells, and divided
into three subsets according to the expression levels of CD14
and CD16; namely, CD14"¢"CD16~, CD14""$"CD16" and
CD14%™CD16™" cells.

In-vitro cell culture studies

CD14" cells were purified using anti-CD14 magnetic
beads (Miltenyi Biotec, Bergisch Gladbach, Germany) and
a magnetic cell separator (MACS) from PBMC obtained
from the control subjects and RA patients. CD14" cells
(5 X 10* cells/200 pl) were cultured in o-minimum
essential medium (a-MEM) plus 10% fetal bovine serum
(FBS) in the presence or absence of TNF-a (R&D Sys-
tems) and lipopolysaccharide (LPS) (Sigma Aldrich, St
Louis, MO, USA), and collected 1, 3, 6, 12 and 24 h after
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Fig. 1. Comparison of (a) tumour necrosis factor (TNF)-a-induced
proteins (TNFAIP)9 and (b) TNFAIP3 mRNA expression levels in
peripheral blood mononuclear cells of healthy subjects (HS, n = 24)
and patients with rheumatoid arthritis (RA, n = 36) by real-time
quantitative reverse transcription—polymerase chain reaction (qQRT-
PCR). The thick horizontal lines represent the median values.

*P < 0-05 by Mann—Whitney U-test.

stimulation to determine the mRNA expression levels of
TNF-a, IL-6, TNFAIP9 and TNFAIP3.

Statistical analysis

Data are expressed as mean * standard deviation (s.d.)
or mean *+ standard error of the mean (s.e.m.). The
Mann—Whitney U-test was used to test for differences in
various parameters between the control and RA groups.
Differences between the baseline and post-treatment with
biological agents were analysed using Wilcoxon’s signed-
rank test. A P-value less than 0-05 denoted the presence
of a statistically significant difference.

Results

TNFAIP9 and TNFAIP3 mRNA expression levels

We examined the mRNA expression levels of TNFAIP9
and TNFAIP3 in PBMC of 36 RA patients and 24 HS
(controls) using qPCR. TNFAIP9 expression was signifi-
cantly higher in RA (median: 1-4) compared with normal
subjects (median: 0-9, P < 0-05). In contrast, TNFAIP3
expression was lower in RA (median: 1-0) compared with
HS (median: 1-8, P < 0-05) (Fig. 1).

CD14" monocytes are dominant cell population that
express TNFAIP9

We analysed the dominant cell population that expressed
TNFAIP9 and TNFAIP3 in peripheral blood using flow
cytometry. Blood samples were obtained from 13 patients
with RA and 10 HS. In both groups, TNFAIP9 was
expressed mainly in CD14" cells, but not in lymphocyte
subsets (Fig. 2a, left, upper panel with representative histo-
gram). Conversely, TNFAIP3 was detected in lymphocyte
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Fig. 2. Localization of tumour necrosis factor (TNF)-a-induced proteins (TNFAIP)9 and TNFAIP3 in peripheral blood mononuclear cells
(PBMC). TNFAIP9 and TNFAIP3 expression in peripheral blood mononuclear cells were examined by flow cytometry. (a) Expression of
TNFAIP9 and TNFAIP3 on CD3, CD20 and CD14 cells indicated by histograms. Left panel indicates fluorescence activated cell sorter (FACS)
data of representative TNFAIP9-positive rheumatoid arthritis (RA) patient and representative TNFAIP3-positive RA patient (at mRNA level).

Right panel shows that the individual plots of mean fluorescence intensity (MFI) showed almost comparable expression between RA (n = 13)
and healthy subjects (HS) (n = 10). (b) Expression of TNFAIP9 and TNFAIP3 on sorted CD14" cells of patients with rheumatoid arthritis (RA,
n = 23) and HS (n = 13) by real-time reverse transcription—polymerase chain reaction (RT-PCR). The thick horizontal lines represent the

median values. *P < 0-05 by Mann—Whitney U-test.

subsets, especially in the CD3" population of both RA and
controls (Fig. 2a, left, lower panel), in agreement with the
findings of a previous study [12]. These expression patterns
were almost comparable between RA and HS (individual
plots were shown in Fig. 2a, right panel). We also compared
TNFAIP9 and TNFAIP3 mRNA expression in CD14" cells
of RA (n = 23) and HS (n = 13). As anticipated, TNFAIP9
expression in CD14"% cells was significantly higher in RA
than controls (Fig. 2b). In contrast, TNFAIP3 expression in
CD14" cells was not significantly different between the two
groups. These findings demonstrated the different localiza-
tion of TNFAIP9 and TNFAIP3 in peripheral blood and the
abundance of TNFAIP9 in CD14" cells.

TNFAIPY is expressed mainly in CD14""8"'CD16
monocytes

Clinical and experimental evidence suggests that monocytes
are heterogeneous populations consisting, in humans, of at

least three subpopulations based on surface expression of
CD14 and CDI6: classical CD14*8"CD16~, non-classical
CD14"™CD16™ and intermediate CD14""8"CD16™ mono-
cytes [13,14]. We investigated TNFAIP9 expression levels in
the three subsets using flow cytometry. Monocytes were
identified as the HLA-DR"CD14" population, and the three
subpopulations were then subdivided according to CD14/
CD16 expression (Fig. 3a). In both the RA and control
groups, the mean fluorescence intensity (MFI) of TNFAIP9
was high in the CD14"" cell population, especially
CD14™8"CD16~, among the three subsets (Fig. 3b). The
expression pattern was almost comparable in patients with
RA and controls. The percentage of CD14" monocytes (rela-
tive to the total number of PBMC) was similar in RA and
controls (Fig. 3c). However, the percentages of CD14"™&"
cells  expressing  TNFAIPY, CD14#"CD16~  and
CD14™8"CD16™ cells were significantly higher in RA than
controls (Fig. 3d—f), in contrast to CD144™CD16™ cells (Fig.
3g). The percentage of CD14"" cell population could

© 2015 British Society for Immunology, Clinical and Experimental Immunology, 180: 458-466 461
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Fig. 3. Localization of tumour necrosis factor (TNF)-a-induced protein (TNFAIP)9 in CD14" cells. (a) Human leucocyte antigen D-related
(HLA-DR)*CD14" monocytes were divided into three subsets according to the CD14 and CD16 levels. (b) Comparison of TNFAIPY expression
in the three subsets of HLA-DR"CD14" monocytes. Left: fluorescence activated cell sorter (FACS) data of a representative rheumatoid arthritis
(RA) patient. Right: mean * standard deviation (s.d.) values of mean fluorescence intensity (MFI) of TNFAIP9 to isotype control for each
subset of HLA-DR*CD14* monocytes in patients with RA. (c—g) Comparison of data of patients with RA (n = 23) and healthy subjects (HS,

n = 13). Percentages of (c) CD14" cells, (d) CD14""8™ cells, (e) CD14"€"CD16 cells, (f) CD14""CD16 " cells and (g) CD14"™CD16" cells in
peripheral blood mononuclear cells (PBMC). *P < 0-05 by Mann—Whitney U-test.

probably explain the high expression level of TNFAIP9 in
PBMC of RA.

Expression of TNFAIP9 and TNFAIP3 in CD14" cells
after TNF-a or LPS stimulation

Monocyte-conditional deficient mice of TNFAIP3 develop
spontaneous arthritis [8], and TNFAIP9/TIARP is expressed
predominantly in CD11b™ monocytes in mice [4]. In the
next step, we focused on CD14" cells and compared the
expression of TNFAIP9 and TNFAIP3 in CD14" cells after
TNF-a or LPS stimulation. The expression levels of TNF-a
and IL-6 increased immediately after stimulation but
decreased gradually thereafter (Fig. 4a,b). The same stimuli
resulted in up-regulation of both proteins, but the increase in
TNFAIP9 expression occurred after about 6-12 h, while that
of TNFAIP3 occurred much earlier than TNFAIP9 (Fig. 4a,b).
These findings suggest that both TNFAIP9 and TNFAIP3 can
be induced by TNF-a and LPS in human CD14" monocytes,
with an earlier response in TNFAIP3 than TNFAIP9.

Tocilizumab down-regulates TNFAIP9 expression in
PBMC

We have reported previously that infliximab, a TNF antago-
nist, down-regulates the expression of TNFAIP9 in PBMC
[15]. As both TNFAIP9 and TNFAIP3 in myeloid-conditional

462

deficient mice are IL-6-dependent [5,8], we investigated the
effects of tocilizumab on TNFAIP9 and 3 mRNA levels and
used abatacept as a control. In this part of the study, 11 RA
patients were treated with tocilizumab while another group of
13 RA patients were treated with abatacept for 12 weeks; both
were assessed clinically at 12 weeks after completion of therapy
using the EULAR response criteria [10]. In the tocilizumab-
treated group, eight patients were classified as good respond-
ers, one as a moderate responder and two as non-responders.
In comparison, in patients in the abatacept-treated group, one
patient was classified as a good responder, nine as moderate
responders and three as non-responders. Further analysis of
the tocilizumab-treated group showed a significant decrease
in TNFAIPY expression in PBMC in all 24 RA patients
(P = 0-013), especially in the good/moderate responders
(P =0-008). In contrast, the expression of TNFAIP3 in PBMC
was increased significantly in the entire population, especially
in responders (Fig. 5a). Interestingly, abatacept treatment had
no effect on the expression of the two proteins (Fig. 5b).

Mechanism of tocilizumab-induced down-regulation
of TNFAIP9

To investigate the reason for the down-regulation of
TNFAIP9 in PBMC, we examined changes in CD14"

© 2015 British Society for Immunology, Clinical and Experimental Immunology, 180: 458-466
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Fig. 4. Induction of tumour necrosis factor (TNF)-a-induced proteins (TNFAIP)9 and TNFAIP3 in CD14™ cells by tumour necrosis factor
(TNF)-a and lipopolysaccharide (LPS). CD14™ cells of healthy subjects (HS, n = 3) were cultured in the presence or absence of (a) TNF-a (10
ng/ml) or (b) LPS (1 ng/ml) and TNF-q, interleukin (IL)-6, TNFAIP9 and TNFAIP3 mRNA levels were measured before (0 h) and after the
indicated time-periods by real-time quantitative reverse transcription—polymerase chain reaction (QRT-PCR). Representative data of three

independent experiments with similar results. Similar results (data not shown) were obtained using samples from RA patients (n = 2, per test).

Values are mean *+ standard deviation (s.d.); P < 0-05 versus control.

monocytes population in PBMC. The percentage of
CD14" monocytes was measured before and 12 weeks
after the completion of tocilizumab treatment in six
patients and all patients were classified as responders.
Treatment with tocilizumab decreased significantly the
percentage of CD14% monocytes and CD14"8" cells
(Fig. 5¢).

We also measured TNFAIP9 mRNA expression levels in
CD14" cells isolated from the same six patients at 12
weeks after the completion of tocilizumab treatment. The
expression levels in CD14" cells tended to fall in all
patients after treatment (P = 0-075) (Fig. 5d). In contrast,
no significant fall was observed in TNFAIP3 mRNA
expression levels. These findings suggest that tocilizumab
reduces circulating CD14”" monocytes as well as the
expression of TNFAIP9 in these cells, resulting in the
down-regulation of TNFAIPY expression in PBMC.

Discussion

In the present study, we analysed the expression of two
TNFAIPs, TNFAIP9 and TNFAIP3, in PBMC of RA
patients. TNFAIP9 expression was increased significantly

while TNFAIP3 expression was decreased in RA compared
with the healthy controls. Interestingly, the reverse was
observed in splenocytes of mice with GPI-induced arthri-
tis, with decreased expression of TNFAIPY and increased
expression of TNFAIP3 [9], suggesting similar localiza-
tion of both molecules between mice and humans. Previ-
ous findings in TNFAIPY/TIARP™~ mice showed that
TNFAIP9 regulated arthritis negatively through the sup-
pression of IL-6 production and TNF-a-induced NF-kB
signalling in macrophages [5]. In patients with RA,
TNFAIP9 had been reported to be up-regulated in
CD68" macrophages in synovial tissue [16], while
TNFAIP9 protein was highly expressed in synovial fluid
[17]. In peripheral blood, circulating neutrophils and
monocytes are known to express TNFAIP9 [16]. In the
present study, we found significantly elevated TNFAIP9
mRNA expression levels in CD14°#" monocytes of
patients with RA. In addition, CD14°"#" monocytes were
increased significantly in RA, similar to the results
reported by Coulthard et al.  [18]. CD14"¢™CD16
monocytes have been reported to produce large amounts
of IL-6, IL-8, CCL2 and CCL3, while CD14*#"'CD16"
monocytes are considered the main producers of TNF-«
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Fig. 5. Effects of tocilizumab and abatacept treatment on tumour necrosis factor (TNF)-a-induced proteins (TNFAIP)9 and TNFAIP3 expression
in peripheral blood mononuclear cells (PBMC) and percentages of CD14™ monocyte subsets. TNFAIP9 and TNFAIP3 mRNA expression levels in
PBMC measured by real-time quantitative reverse transcription—polymerase chain reaction (QRT-PCR)before (Owk) and 12 weeks (12wk) after

completion of treatment of patients with rheumatoid arthritis with (a) tocilizumab (n = 11) and (b) abatacept (n = 13). Data of individual

patients. Patients were classified into responders (good or moderate response) and non-responders, based on their EULAR disease activity score
in 28 joints (DAS28) response. (c) Percentages of CDh14" monocytes (left) and CD14°8" cellg (right) relative to PBMC at baseline and 12 weeks
in tocilizumab responders (1 = 6). (d) TNFAIP9 mRNA expression levels in CD14 " cells isolated from the same six patients shown in (c), at

baseline and at 12 weeks. *P < 0-05 by Wilcoxon’s signed-rank test.

and IL-1B in response to LPS [19]. TNFAIP9 mRNA
expression seemed to follow IL-6 mRNA expression (Fig.
4a), and RA patients possessed high amounts of TNFAIP9
in CD14™MCD16™ monocytes, suggesting that counter-
suppression has been noted in these cells in arthritic con-
ditions. Thus, the large percentage of CD14"€"
monocytes could be related to RA pathogenicity.

Myeloid conditional TNFAIP3-deficient mice also
develop arthritis  [8]. Unlike TNFAIP9, TNFAIP3 is
expressed ubiquitously in many types of cells and its basal
level is very low, with the exception of thymocytes and
peripheral T cells [7,9]. Our findings were in agreement
with the results of the above studies, and the difference in
the distribution of TNFAIP9 and TNFAIP3 is considered
to be the reason for the reverse pattern of mRNA expres-

sion levels of these two proteins in PBMC. In humans,
several studies have described the relationship between
single nucleotide polymorphisms (SNPs) of TNFAIP3
gene and autoimmune diseases, such as RA [20,21], sys-
temic lupus erythematosus [22,23], psoriasis [24] and
type 1 diabetes [25]. However, the expression level of
TNFAIP3 in each disease remains to be investigated. In
RA, James ef al. [26] recently reported high expression
of TNFAIP3 in PBMC of RA irrespective of genotype. In
contrast, our data showed a low expression of TNFAIP3
in RA compared to controls. The reason for this discrep-
ancy may be due to differences in patient selection.
Patients with RA in this study were not treated with bio-
logical agents, whereas the above study included some
patients who were treated with anti-TNF agent [26], as
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biologicals could induce up-regulation of TNFAIP3 in
PBMC (our preliminary observations). Another group
reported recently that lower TNFAIP3 expression was
found in RA patients compared to those in HS [27],
supporting our data. In recent years, another autoim-
mune disease, multiple sclerosis (MS), has also been
reported to have links to SNPs in the TNFAIP3 gene
[28]. Gilli et al. demonstrated that the TNFAIP3 tran-
script was down-regulated in PBMC obtained from MS
patients compared to HS, as occurs in RA [29]. These
findings possibly corroborated the shared hypothesis that
TNFAIP3 plays a key role in immunity and a defective
expression/activity could be underlying several autoim-
mune diseases, according to a shared mechanism.

As shown in Fig. 2a, the main difference between
TNFAIP9 and TNFAIP3 was the localization of the cells.
TNFAIP9 was limited to CD14" cells, whereas TNFAIP3
was found mainly in CD3" cells. Navone et al. reported
recently that TNFAIP3 mRNA expression on CD14" mono-
cytes and CD4" T cells were clearly decreased in MS
patients [30]. Interestingly, as we show in Fig. 2b, TNFAIP3
in CD14" cells were equal or tended to be up-regulated in
patients with RA compared to HS in spite of the down-
regulation of total TNFAIP3 mRNA levels in RA. It is
widely accepted that TNF-a blockade is highly beneficial in
RA, whereas it can exacerbate MS [31]. TNF-a signals rap-
idly induce TNFAIP3 mRNA as well as TNFAIP9 in CD14 ™"
cells (Fig. 4a), possibly suggesting an important pathological
role of the TNF-« signal to CD14" cells in RA patients. We
speculated that the down-regulated expression of TNFAIP3
in CD3™ cells weas the main reason of the down-regulation
of TNFAIP3 in PBMC, as in MS [29].

IL-6 plays a pivotal role in arthritis of TNFAIP9- and
TNFAIP3-deficient animals [5,8]. In the present study, treat-
ment with tocilizumab reduced the expression of TNFAIP9.
Circulating CD14"" cells and their TNFAIP9 expression
were decreased in patients with RA following treatment with
tocilizumab. In this regard, Richez et al. [32] reported that
tocilizumab therapy reduced the percentages of circulating
monocytes and myeloid dendritic cells in patients with RA.
Furthermore, Vaitra et al. [33] reported that tocilizumab
reduced the numbers of circulating CD14" "CD16~ mono-
cytes and CD14"CD16" monocytes in a patient with tumour
necrosis factor receptor-associated periodic syndrome
(TRAPS). The tocilizumab-induced fall in the number of cir-
culating CD14”"€" monocytes could be associated with the
pathogenicity of RA, probably through reduction of monocyte
recruitment into the inflammation site and/or production of
proinflammatory cytokines and chemokines. TNFAIP9 regu-
lates both IL-6/signal transducer and activator of
transcription-3 (STAT-3) and TNF-NF-xB cascade in mouse
macrophages  [5]. Indeed, in in-vitro experiments with
CD14" cells, TNFAIP9 mRNA expression followed IL-6
mRNA (Fig. 4), suggesting the regulated mechanism by IL-6
signals in human monocytes. It probably reflects the down-

TNFAIP9 and TNFAIP3 in RA

regulation of TNFAIP9 in CD14" cells by tocilizumab (Fig.
5d). Conversely, abatacept did not alter the expression of
TNFAIP9 in RA patients. Abatacept [cytotoxic T lymphocyte
antigen-4 (CTLA)-4-Ig] suppresses T cell activation and it is
considered that it has no direct influence on inflammatory
cytokines or the number of circulating CD14" cell popula-
tions. In this regard, we have reported previously that inflixi-
mab also reduced the expression of TNFAIP9 in RA patients
[15]. Considered together, our present and previous results
suggest that TNFAIP9 expression could be regulated directly
by signals from TNF-a and IL-6 in CD14" cells in RA
patients.

In contrast to TNFAIPY, tocilizumab increased TNFAIP3
expression in PBMC. Tocilizumab is known to alter mye-
loid cell linage, but not T cells [32]. TNFAIP9 expression
in the spleen seems to be the reverse of that of TNFAIP3
in GPI-induced arthritis, and the expression of TNFAIP3
in macrophages seems to be associated closely with that of
TNFAIP9 under IL-6 culture conditions [9]. Further stud-
ies are needed to determine the relationship between the
expression of TNFAIP9 and TNFAIP3 in RA and its role
in the pathogenesis of RA through TNF-a and IL-6.

Conclusions

To our knowledge, this is the first study that has examined
the comparative expression of TNFAIP9 and TNFAIP3 in
RA. The results showed up-regulation of TNFAIP9 mRNA
expression on CD14”8" monocytes and down-regulation
of TNFAIP3 mRNA expression in PBMC in patients with
RA. TNFAIP9 expression was associated with TNF-«, and
tocilizumab reduced TNFAIP9 expression levels on CD14™"
monocytes. Further studies to investigate the role of
TNFAIP9 expression on CD14"#™ monocytes may high-
light its relation to the pathogenesis of RA.
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