
Immune receptor expressed on myeloid cells 1 (IREM-1) inhibits B
cell activation factor (BAFF)-mediated inflammatory regulation of
THP-1 cells through modulation of the activities of extracellular
regulated kinase (ERK)cei_4211 504..511

S.-M. Lee,* Y.-P. Nam,* K. Suk† and
W.-H. Lee*
*School of Life Sciences and Biotechnology, and
†Department of Pharmacology, School of

Medicine, Kyungpook National University,

Daegu, Korea

Summary

The immune receptor expressed on myeloid cells 1 (IREM-1) has been known
to regulate the activities of myeloid cells through its immunoreceptor
tyrosine-based inhibition motifs (ITIMs) in its intracellular region. In order
to investigate its effect on macrophage activation, a human macrophage cell
line (THP-1) was tested after stimulation of its membrane-bound form of B
cell activation factor (BAFF), which has been shown to modulate inflamma-
tory activities through induction of proinflammatory mediator expression
and suppression of phagocytosis. IREM-1-specific monoclonal antibodies
detected the expression of high levels of IREM-1 in THP-1 cells. Cross-linking
of IREM-1 with these antibodies resulted in the blockage of the BAFF-
mediated expression of interleukin (IL)-8 and matrix metalloproteinase
(MMP)-9 through inhibition of the activation of extracellular regulated
kinase (ERK) and phosphorylation/degradation of IkB. Furthermore,
cross-linking of IREM-1 also reversed the BAFF-mediated inhibition of
phagocytosis. In order to demonstrate the role of ITIM in the IREM-1-
mediated suppression of BAFF signalling, a decapeptide containing YADL (an
ITIM in IREM-1) was fused with HIV–TAT48–57 which was required for the
internalization of the synthetic polypeptide (TAT–YADL). TAT–YADL, but
not control peptides, recapitulated the effect of the anti-IREM-1 monoclonal
antibody. These observations indicate that IREM-1 exerted its inhibitory
effect on BAFF-medicated signalling through ITIM-mediated regulation of
ERK activities in THP-1 cells.
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Introduction

B cell activation factor (BAFF) (TALl-1, THANK, BlyS,
TNFSF13b, zTNF-4) is a member of the tumour necrosis
factor superfamily (TNF SF) and is required for the regu-
lation of immune responses such as B cell survival and the
regulation of inflammatory responses [1]. The expression
of both the membrane-bound and the soluble form of
BAFF has been detected in various cells lineages, including
myeloid cells and stromal cells [2–4]. BAFF is known to
interact with three counterparts, transmembrane activator
(TACI) and calcium-modulating cyclophilin ligand
(CAML) interactor, BCMA (B cell maturation antigen) and
BAFF-R (BAFF receptor, BR3), which can be found in lym-
phoid and myeloid cells [3,5]. BAFF-R is known to be able
to recognize only BAFF, while TACI and BCMA can recog-

nize both BAFF and its close relative, a proliferation-
inducing ligand (APRIL). Recently, a membrane-bound
form of BAFF has been demonstrated to be stimulated by
its interaction with TACI or treatment with BAFF-specific
monoclonal antibody (mAb) [6]. Activated BAFF initiated
two signalling pathways in THP-1 cells, one of which was
mediated through extracellular regulated kinase (ERK) and
nuclear factor (NF)-kB leading to the induction of proin-
flammatory responses, while another pathway leads to the
inhibition of PI3K activity, resulting in the suppression of
phagocytic activities [6].

The immune receptor expressed on myeloid cells 1
(IREM-1, CD300F, IgSF13, CMRF-35A5), a member of the
CD300 family of receptors, contains immunoreceptor
tyrosine-based inhibition motifs (ITIMs) in its intracellular
region. Cross-linking of IREM-1 inhibited FceR-induced
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activation of mast cells through interaction between phos-
photyrosine residue 205 and Src homology 2 (SH2) domains
of SHP-1 [7]. Substitution of the tyrosine 205 residue with
phenylalanine abolished its inhibitory activities [8]. Simi-
larly, CMRF-35-like molecule-1 (CLM-1, LMIR3, MAIR-V,
CD300LF), the mouse orthologue of IREM-1, has also been
shown to be involved in the regulation of apoptosis [9] and
the inhibition of inflammatory activation in myeloid cells
[10]. In contrast, Izawa et al. reported that cross-linking
CLM-1 augmented lipopolysaccharide (LPS) response in
mast cells through its association with FcRg [11]. These
results demonstrate the complex nature of regulations that
are mediated by IREM-1 and emphasize the requirement for
detailed analysis of its function. Currently, the natural ligand
for IREM-1 is not known.

Two IREM-1-specific monoclonal antibodies were gener-
ated though the immunization of mice with a fusion protein
containing glutathione-S-transferase (GST) and the extra-
cellular region of human IREM-1. Interestingly, the stimu-
lation of IREM-1 with these antibodies resulted in the
inhibition of both the BAFF-induced production of pro-
inflammatory mediators and BAFF-mediated suppression of
phagocytosis in THP-1 cells. Analysis utilizing a fusion
protein containing HIV–TAT48–57 [12] and the YADL
sequence of the IREM-1 ITIM domain (TAT–YADL) and
its control peptide containing Tyr to Phe substitution
(TAT–FADL) revealed that the ITIM motif was responsible
for the inhibitory effect of IREM-1 in the BAFF-mediated
regulation of inflammatory processes.

Materials and methods

Reagents

Monoclonal antibody (mAb) against BAFF (clone 148725)
was purchased from R&D Systems (Minneapolis, MN,
USA); fusion protein containing an extracellular domain of
hTACI and the Fc portion of human IgG (TACI:Fc) came
from Alexis (San Diego, CA, USA); polyclonal antibodies
for ERK, phospho-ERK were obtained from Calbiochem
International Inc. (La Jolla, CA, USA); rabbit polyclonal
antibody to IkB and mAb to phospho-IkB (Ser32/36)
(5A5) were from Cell Signaling (Danvers, MA, USA);
mouse IgG2a was from BD Pharmingen (San Jose, CA,
USA); and mAb against IREM-1 (clones UP-D2) was pur-
chased from Biolegend (San Diego, CA, USA). The human
monocytic leukaemia cell lines, THP-1, and the human
embryonic kidney cell line, 293T, were obtained from the
American Type Culture Collection (Rockville, MD, USA).
Fusion proteins containing YADL (or FADL) and HIV–
TAT48–57, and its negative control containing only HIV–TAT
was custom-designed and synthesized by Peptron Inc.
(Daejeon, Korea). Inhibitor of SHP-1 [protein tyrosine
phosphatase (PTP) inhibitor III] was purchased from Santa
Cruz Biotechnology Inc. (Santa Cruz, CA, USA). The

sequences for TAT and TAT–YADL are GRKKRRQRRR and
GRKKRRQRRRGDLCYADLTL, respectively.

Cloning of IREM-1 and the generation of anti-IREM-1
mAb

For the cloning of full-length human IREM-1, reverse
transcription–polymerase chain reaction (RT–PCR) analysis
was performed with mRNA isolated from THP-1 cells
using forward primer (5-GAGAAGATGCCCCTGCTG-3′)
and reverse primer (5′-TGGAGTGCAGGCTAAGGC-3′) to
obtain the 890 base pairs (bp) product which was cloned into
pcDNA3·1 expression vector and transformed into the
DH5a strain of Escherichia coli for mass production. For
the generation of GST–IREM-1 fusion protein, the 353 bp
extracellular region of IREM-1 was PCR amplified using
a forward primer containing BamH1 linker (5′-ATGG
GATCCGGTCCAACAACAGTGAATGG-3′) and a reverse
primer containing EcoRI linker (5′-CGGAATTCGTTTCT
TCTTGGGTGACTGG-3′). PCR products were then inserted
into the BamH1/EcoRI site of the pGEX-6P-1 vector in such
a way that the gene encoding GST was followed by the DNA
fragment representing the IREM-1 extracellular region. The
expression vector was transformed into the BL21(DE3)pLyS
strain of E. coli (BioDynamics Laboratory Inc., Tokyo,
Japan), which was then treated with isopropyl b-D-
thiogalactopranoside (IPTG) for the induction of GST-
IREM-1 fusion protein. The fusion protein was isolated from
bacterial culture lysate using glutathione sepharose 4 Fast
Flow (Amersham, Uppsala, Sweden), following the protocol
provided by the manufacturer. For immunization, GST–
IREM-1 fusion proteins (100 mg/mouse) were mixed with
100 ml of Freund’s complete adjuvant and injected into six
female BALB/c mice. The mice were booster injected three
times at 2-week intervals using the same amount of antigen
with incomplete Freund’s adjuvant. A final intravenous
injection of 100 mg antigen per mouse without adjuvant was
performed 3 days before killing. Spleen cells isolated from
the mice were fused with SP2/o–Ag-14 cells and hybridomas
were selected in hypoxanthine aminopterin thymidine
(HAT) medium under limiting dilution cloning conditions.

Transient transfection and flow cytometry

The 293T cells were seeded (5 ¥ 106 cells/well) in six-well
plates and incubated overnight before transfection with 2 mg
of IREM-1 expression construct or pcDNA3·1 (empty vector
control) that had been mixed with 8 ml of Superfect transfect
reagent (Qiagen, Valencia, CA, USA). Twenty-four h after
transfection, flow cytometry analysis was performed using
fluorescence activated cell sorter (FACS)Calibur (Becton-
Dickinson, Mountain View, CA, USA). The cells (5 ¥ 105)
were pelleted and incubated with 0·3 mg of anti-IREM-1
mAb in 30 ml of FACS solution [phosphate-buffered saline
(PBS) containing 0·5% bovine serum albumin (BSA) and
0·1% sodium azide] for 20 min on ice. For background
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fluorescence, the cells were stained with an isotype-matching
control antibody. The cells were then washed and incubated
with 0·3 mg of fluorescein isothiocyanate (FITC)-labelled
goat anti-mouse immunoglobulin (Ig)G in 30 ml of FACS
solution. The fluorescence profiles of 2 ¥ 104 cells were col-
lected and analysed.

Phagocytosis

Zymosan opsonization and the measurement of phagocytic
activity were performed as described previously. Briefly,
zymosan tagged with Alexa Fluor 594 (Invitrogen, Carlsbad,
CA, USA) was incubated with one-tenth volume of zymosan
A opsonizing reagent (Invitrogen, Eugene, OR, USA) at 37°C
for 1 h. THP-1 cells were pretreated for 30 min with 1 mg/ml
of anti-IREM-1 mAb or 5 mM of TAT peptides and then
incubated with 30 mg/ml of opsonized-zymosan-594 for 3 h.
The percentage of cells that had phagocytozed zymosan was
measured using flow cytometry analysis as described above.

Gelatin zymogram, enzyme-linked immunosorbent
assay (ELISA) and Western blot analysis

The cells were activated by adding antibodies and fusion
proteins to the medium containing 1 ¥ 106/ml THP-1 cells in
RPMI-1640 supplemented with 0·1% fetal bovine serum
(FBS). The levels of interleukin (IL)-8 in the supernatants
were measured by a sandwich ELISA (R&D Systems, Inc.,
MN, USA). The detection limit was <10 pg/ml. The matrix
metalloproteases (MMP) activity in the culture supernatant
was determined via substrate gel electrophoresis, as
described previously [13]. For the Western blot analysis, cell
lysates were obtained at various time-points after activation
and analysis was performed as described previously [13,14].

Immunofluorescence

For the detection of TAT or TAT–YADL, THP-1 cells (2 ¥ 105)
were incubated with 10 mM of peptides for 30 min and then
washed in PBS and resuspended in 10 ml of 4% formaldehyde
in distilled water for fixation. The cells were then placed onto
a slide glass and covered with a cover glass, in order to spread
the cells. The cells were then permeabilized with 1% Triton in
PBS for 10 min, incubated with 1 mg/ml anti-TAT mAb (clone
ab63957; Abcam, Cambridge, UK) in PBS containing 3% BSA
at 37°C for 45 min, washed, and incubated with Alexa Fluor
488-labelled goat anti-mouse antibody (A-21121, Molecular
Probes) (10 mg/ml) at 37°C for 45 min, washed again, and
then mounted in a 1:1 ratio mixture of Xylene and Malinol
(Muto Pure Chemicals, Tokyo, Japan).

Results and discussion

New anti-IREM-1 mAbs detected high expression levels
of IREM-1 in THP-1 cells

In order to generate IREM-1-specific mAb, a DNA fragment
representing the extracellular part was cloned to generate

GST fusion protein which was immunized into C57BL mice.
Two hybridoma clones (2-3·6D and 2-1·7B) were screened to
have IREM-1 specificity. Both isotypes of these mAbs were
found to be IgG2a (data not shown). Flow cytometry analy-
sis of 293T cells that had been transfected with IREM-1
expression vector showed that both 2-3·6D and 2-1·7B
stained IREM-1-transfected cells, but not the empty vector-
transfected cells (Fig. 1a). THP-1 cells, which had been
shown to be expressing IREM-1 through RT–PCR [15], were
stained by both 2-3·6D and 2-1·7B (Fig. 1b). The expression
of IREM-1 by THP-1 is in agreement with previous reports
which showed that myeloid cells express IREM-1 on the cell
surface [7,16].

Cross-linking IREM-1 with mAb resulted in the
inhibition of BAFF-mediated expression of IL-8 and
MMP-9

Previous analysis of THP-1 cells demonstrated that stimula-
tion of the membrane-bound form of BAFF using either

(a)

(b)

Control IREM-1

IREM-1 (2-3·6D)

IREM-1 (2-1·7B)

2-1·7B2-3·6D

Fig. 1. Immune receptor expressed on myeloid cells 1

(IREM-1)-specific monoclonal antibody (mAb) detected the

expression of IREM-1 in human monocytic cell line (THP)-1 cells. (a)

293T cells were transiently transfected with empty vector (control) or

IREM-1 expression vector. These cells were stained with 2-3·6D or

2-1·7B for flow cytometry. (b) THP-1 cells were stained with 2-3·6D

or 2-1·7B for flow cytometry. Lines represent the fluorescence profiles

of anti-IREM-1 staining and black areas represent the fluorescence

profiles of background staining, which were stained with

isotype-matching mouse immunoglobulin (Ig)G. These experiments

were repeated more than three times with essentially the same results.
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BAFF-specific mAb or TACI:Fc fusion protein generates an
activation signal through ERK and NF-kB, which results in
the production of proinflammatory molecules such as IL-8
and MMP-9 [6]. Pretreatment of THP-1 cells with anti-
IREM-1 mAb blocked TACI:Fc-induced expression of both
IL-8 and MMP-9 (Fig. 2a). The activity of MMP-9 produced
in the culture supernatant was analysed using gelatin zymo-
gram and IL-8 concentrations were measured using ELISA.
Because TACI has been known to interact with both BAFF
and APRIL, a molecule with the highest homology to BAFF, it
is not clear whether treatment with TACI:Fc stimulated BAFF
or APRIL. In order to ensure that the signalling was through
BAFF, anti-BAFF mAb was used to stimulate the BAFF on the
surface of THP-1 cells. As shown in Fig. 2b, treatment with
anti-BAFF mAb resulted in the induction of IL-8 and MMP-9
which was blocked by pretreatment with anti-IREM-1 mAb.

Dose–response in anti-IREM-1 treatment was then tested
at a concentration ranging from 1 to 100 ng/ml.Anti-IREM-1
mAb blocked BAFF-mediated expression of IL-8 (Fig. 2c)
and MMP-9 (data not shown) at concentrations as low as

1 ng/ml and the extent of inhibition was dose-dependent.
Both 2-3·6D and 2-1·7B were effective in the blocking of
BAFF-induced IL-8 expression (Fig. 2d). A commercially
available anti-IREM-1 mAb was also tested to determine
whether the inhibitory effects are restricted to certain types of
anti-IREM-1 mAb. Both 2-3·6D and the commercially avail-
able anti-IREM-1 mAb blocked the BAFF-induced expres-
sion of IL-8 (Fig. 2e) and MMP-9 (data not shown),
indicating that the inhibitory effects were not restricted.

Synthetic peptide containing ITIM domains of IREM-1
also inhibited BAFF-mediated expression of IL-8 and
MMP-9

The ITIM domains present in the intracellular region of
IREM-1 were believed to be responsible for the generation of
the inhibitory signal. Five potential ITIMs have been identi-
fied in the IREM-1 intracellular region. Previous analysis of
these ITIM domains revealed that the YADL sequence
encompassing the tyrosine 205 residue is essential for inhibi-
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Fig. 2. Stimulation of immune receptor expressed on myeloid cells 1 (IREM-1) blocks B cell activation factor (BAFF)-induced expression of

interleukin (IL)-8 and matrix metalloproteinase (MMP)-9. Human monocytic cell line (THP)-1 cells were pretreated with either 1 mg/ml of 2-3·6D

(IR) or mouse IgG (M) for 20 min and then stimulated with 1 mg/ml of TACI:Fc fusion protein (a) or 1 mg/ml of anti-BAFF monoclonal antibody

(mAb) (b). Culture supernatants were collected 24 h after activation and the concentration of IL-8 was measured using enzyme-linked

immunosorbent assay and MMP-9 activity was measure using gelatin zymogram. THP-1 cells were pretreated for 20 min with 1, 10 or 100 ng/ml of

2-3·6D (c), 1 mg/ml of 2-3·6D(2-3) or of 2-1·7B(2-1) (d) or 1 mg/ml of 2-3·6D(2-3) or commercially available anti-IREM-1 mAb (BL) (e). Mouse

immunoglobulin G (M) was used for the pretreatment as an antibody control. The cells were then stimulated with 1 mg/ml of anti-BAFF mAb.

Culture supernatants were collected 24 h after activation and the concentration of IL-8 was measured using ELISA and MMP-9 activity was measure

using gelatin zymogram. These experiments were repeated more than three times, with essentially the same results.
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tory activity and that the substitution of tyrosine into phe-
nylalanine abolished the inhibitory activity [7,8]. In order to
demonstrate that the inhibitory activities of anti-IREM-1
mAb were mediated through the ITIM domain, a hybrid
polypeptide (TAT–YADL) was synthesized. TAT–YADL con-
tains HIV–TAT48–57 and IREM-1 residues from 201 to 210,
which encompass the YADL motif. The TAT sequence has
been shown to have the ability to internalize peptides into
cells without disrupting the cellular membrane [12]. As a
control, TAT and a mutant polypeptide (TAT–FADL) which
had Tyr to Phe substitution were also synthesized. Incuba-
tion of these peptides with cells resulted in internalization
within 30 min (Fig. 3a). Treatment of TAT–YADL, but not
TAT or TAT–FADL, blocked BAFF-induced expression of
both IL-8 and MMP-9 (Fig. 3b).

Anti-IREM mAb or TAT–YADL inhibited the effect of
BAFF on phagocytic activity of THP-1 cells

Stimulation of BAFF modulated the inflammatory
activities of macrophages through the induction of proin-
flammatory mediator expression [6]. Conversely, BAFF
stimulation blocked phagocytosis of opsonized zymosan. It
has been demonstrated that signals generated from BAFF
somehow block the activation of PI3K, which is known to
be involved in the pseudopod extension and closure of the
phagosome [17]. Anti-IREM-1 mAb was then tested in
order to determine whether it can also block the BAFF-
mediated inhibition of phagocytosis. As shown in Fig. 4a,
anti-IREM-1 mAb, but not the isotype matching mouse
IgG, blocked the BAFF-mediated inhibition of phagocyto-
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Fig. 3. Immunoreceptor tyrosine-based inhibition motifs (ITIM) domain of immune receptor expressed on myeloid cells 1 (IREM-1) mediates the

inhibitory effect. (a) Human monocytic cell line (THP)-1 cells were treated with 10 mM of either TAT or TAT–YADL fusion protein. After 30 min,

internalization of the peptide was then analysed using immunofluorescence. (b) THP-1 cells were pretreated with 10 mM of either TAT (T),

TAT–YADL (T-Y) or TAT–FADL (T-F) for 20 min and then stimulated with 1 mg/ml of anti-B cell activation factor (BAFF) mAb. Culture

supernatants were collected 24 h after activation for the measurement of interleukin (IL)-8 concentrations and matrix metalloproteinase (MMP)-9

activity. These experiments were repeated more than three times, with essentially the same results.
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Fig. 4. Stimulation of immune receptor expressed on myeloid cells 1 (IREM-1) or addition of TAT–YADL inhibits the effect of B cell activation

factor (BAFF) in the phagocytosis of opsonized zymosan. Human monocytic cell line (THP)-1 cells were pretreated with 1 mg/ml of 2-3·6D (IR),

1 mg/ml of mouse IgG (M) or 10 mM of TAT (T), TAT-YADL (T-Y) or TAT-FADL (T-F) for 20 min and then treated with 1 mg/ml of anti-BAFF

monoclonal antibody (b) for another 30 min. Opsonized zymosan was then added at 30 mg/ml concentration for 3 h, after which flow cytometry

analysis was performed. Lines represent the fluorescence profiles of cells obtained after zymosan treatment and black areas represent the

fluorescence profiles of background staining which was obtained in cells incubated without zymosan treatment. Numbers represent the percentage

of cells that had uptaken zymosan particles. These experiments were repeated more than three times, with essentially the same results.
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sis. Furthermore, TAT–YADL specifically recapitulated the
blocking effect (Fig. 4b).

IREM-1 exerts its inhibitory activity through inhibition
of BAFF-mediated activation of ERK and subsequent
phosphorylation of IkB

Stimulation of BAFF induced phosphorylation of ERK
within 2 min and the nuclear translocation of NF-kB within
30 min, and inhibitors specific for either ERK or NF-kB
blocked the BAFF-induced expression of IL-8 and MMP-9
[6]. As treatment with anti-IREM-1 mAb or TAT–YADL
blocked the BAFF-induced expression of IL-8 and MMP-9, it
was expected that these agents would block the activation of
ERK and/or NF-kB. When BAFF-mediated phosphorylation
of ERK was analysed in the presence of anti-IREM-1 mAb or
TAT–YADL, these agents blocked the phosphorylation of
ERK. The action of these agents was specific, as the isotype
matching mouse IgG or TAT failed to affect the BAFF-
mediated phosphorylation of ERK (Fig. 5). Activation and
nuclear translocation of NF-kB require the phosphorylation
and subsequent degradation of IkB. The addition of anti-
IREM-1 mAb or TAT–YADL specifically blocked the phos-
phorylation and degradation of IkB (Fig. 5).

Activation of SHP-1 is involved in the inhibitory effect
of IREM-1

Previous reports have demonstrated that the ITIM of
IREM-1 can interact with SHP-1. SHP-1, along with SHP-2,
has PTP activity which is known to have roles in cellular
functions such as development, growth, inflammation and
chemotaxis. Both SHP-1 and SHP-2 are composed of two Src
homology 2 (SH2) N-terminal domains and a C-terminal

protein–tyrosine phosphatase domain. In lymphocytes and
myeloid cells, SHP-1 and SHP-2 have been demonstrated to
modulate cellular signals that involve PI3K, Janus kinase 2,
signal transducer and activator of transcription (STAT),
mitogen-activated protein kinase (MAPK), ERK and NF-kB
[18,19]. Furthermore, SHP-1 deficiency resulted in an
enhanced macrophage activities in both human multiple
sclerosis patients and mouse models [20–22] and overex-
pression of SHP-1 in murine macrophage inhibited LPS-
induced TNF and inducible nitric oxide synthase (iNOS)
production through the inhibition of LPS-induced phos-
phorylation of vav1 [23]. Pathogens including leishmania
were found to use specialized mechanism to activate SHP-1
in order to inhibit the inflammatory activation of macroph-
ages [24]. The ITIM of IREM-1 has been demonstrated to
interact with the SH2 domain of SHP-1 through Tyr 205
residue [7,8].

The inhibitory activities of anti-IREM-1 mAb or TAT–
YADL in BAFF-stimulated cells are likely to be mediated by
SHP-1. Furthermore, the presence of inhibitory activity in
TAT–YADL which encompasses Tyr 205 residue, but not in
TAT–FADL which have Tyr to Phe substitution, also sup-
ports that the interaction with SHP-1 is required for the
inhibitory activity. In order to confirm that SHP-1 activity is
required for the inhibitory activities of anti-IREM-1 mAb
and TAT–YADL in cells stimulated through BAFF, THP-1
cells were treated with anti-BAFF and anti-IREM-1 mAbs in
the presence of PTP inhibitor III, which has been shown to
inactivate SHP-1 through binding to its catalytic domain
[25]. As shown in Fig. 6, addition of PTP inhibitor III abol-
ished the inhibitory ability of both anti-IREM-1 mAb and
TAT–YADL. Based on these data, it is highly likely that
IREM-1 exerts its activity through SHP-1, which then inhib-
its the BAFF-mediated modulation of PI3K, ERK and NF-kB
activities.

IREM-1 has inhibitory effect on BAFF-mediated
inflammatory activation in U937 cells

In order to test whether the inhibitory activity of IREM-1 is
effective in other cell types, similar experiments were per-
formed in a human monocytic cell line (U937) which
expresses high levels of BAFF on the cell surface [26]. Simu-
lation of U937 cells with anti-BAFF mAb induced the
expression of both MMP-9 and IL-8. Pretreatment of U937
cells with anti-IREM-1 mAb or TAT–YADL significantly
reduced the responsiveness to BAFF stimulation, while
mouse IgG or TAT did not (Fig. 7). These data indicate
clearly that the inhibitory activity of IREM-1 is not restricted
to THP-1 cells, but more likely to be general in BAFF-
mediated signalling.

The inflammatory activation of macrophages plays an
important role in the pathogenesis of diseases where inflam-
mation is involved. Examples of these diseases include
chronic inflammatory diseases such as atherosclerosis and

Fig. 5. Stimulation of immune receptor expressed on myeloid cells 1

(IREM-1) blocks B cell activation factor (BAFF)-mediated cell

signalling. Human monocytic cell line (THP)-1 cells were pretreated

with 1 mg/ml of 2-3·6D (IR), 1 mg/ml of mouse (M) or 10 mM of

TAT–YADL (T-Y) or TAT (T) for 20 min and then stimulated with

1 mg/ml of anti-BAFF monoclonal antibody. The levels of extracellular

regulated kinase (ERK)/phospho-ERK and IkB/phospho-IkB/actin

were analysed 2 min and 30 min after activation, respectively.
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autoimmune diseases such as rheumatoid arthritis. Because
BAFF expression has been detected in macrophage-rich areas
of atherosclerotic plaques and synovial tissues of rheumatoid
arthritis patients [6], it is likely that BAFF may enhance the
production of proinflammatory mediators. As macrophages
in tissue samples also express high levels of both TACI and
BAFFR [26], the natural counterparts of BAFF, cell-to-cell
interaction between macrophages will be sufficient for the
inflammatory activation of these cells. Immunohistochemi-
cal and in situ hybridization analysis of human athero-
sclerotic plaques detected the expression of IREM-1 in
macrophage-rich areas (our unpublished observation). It is
likely that the presence or absence of IREM-1 or regulation
of its activity may modulate the function of macrophages
through regulation of BAFF-induced cell signalling.
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