






cytokine production, splenocytes from CII-immunized B6.DR1/
LAIR+/+ mice were cultured with the immunodominant A2 pep-
tide to stimulate the TCR in the presence of either a hamster IgG
isotype control or a mAb stimulatory to LAIR-1 (Fig. 2). When
the supernatants were analyzed for cytokines, we found that cells
cultured with the mAb stimulatory to LAIR-1 had decreased ex-
pression of several T cell cytokines (Th1, Th2, and Th17) by the

Ag-stimulated T cells compared with the same cells treated with
control hamster IgG.
To confirm that the Ab is stimulatory, splenocytes from arthritic

mice were cultured with 10 mg/ml of a-LAIR-1 for 24 h and stained
with DAPI using flow cytometry to confirm that .90% of the cells
were viable at this concentration. Prior to culture, there were 22 6
4% CD4+ cells, 8.36 1% CD8+ cells, 606 7% CD19+ cells, as well
as ,5% of each of the DX5+, GR1+, CD11b+, and CD11c+ pop-
ulations from the arthritic spleens. After 24 h of culture with the Ab
there was no change in any of the populations: 176 3% CD4+ cells,
8.46 2% CD8+ cells, and 666 2% CD19+ cells. Mean fluorescence
for LAIR-1+ splenocytes prior to culture was 19486 477 and 35396
581 after culture, (p = 0.02, n = 3). The increase in LAIR-1 was
spread evenly among all immune cells tested. These data confirm
that the Ab is not cytotoxic, but instead increases LAIR-1. Moreover,
LAIR-1 is upregulated on T cell hybridomas following culture with
anti–LAIR-1 (Fig. 2, lower right).
Next, we examined whether natural ligands for LAIR-1 might in

a similar manner affect T cell proinflammatory responses such as
IL-17A, IFN-g, and IL-2. Using an in vitro assay with splenocytes
from mice that were either sufficient or deficient in LAIR-1 but
which had not been immunized, we cultured with anti-CD3 in the
presence of absence of CII to determine their ability to produce
each of these cytokines (Fig. 3, left). There was no difference in
cytokine production in the LAIR2/2 and LAIR+/+ groups if cul-
tured with media alone. When murine CD4+ T cells were stimu-
lated with CD3+ Abs, there was increased production of IL-2,
IFN-g, and IL-17A in both the LAIR2/2 and LAIR+/+ groups
compared with baseline levels. When the cells were stimulated
with both anti-CD3 Abs and a1(II), there was a statistically sig-
nificant suppression of IL-2, IFN-g, and IL-17A in the LAIR+/+

groups but not in the LAIR2/2 groups (Fig. 3, left). These data
demonstrate that activation of LAIR-1 can suppress T cell in-
flammatory cytokine production (IL-2, IFN-g, and IL-17A) in the
presence of LAIR+/+, but not in LAIR2/2 (KO) cells. Purified T
hybridoma cells (Fig. 3, upper right) and purified CD4+ cells
(Fig. 3, lower right) demonstrated the same level of suppression in
the presence of a1(I).
In a third set of experiments to explore the role of natural ligands

for LAIR-1 in modulation of cytokine responses, splenocytes from
naive (unimmunized animal) LAIR+/+ and LAIR2/2 mice were
cultured for 24 h with and without a1(II), then stimulated with
soluble anti-CD3 for another 24 h. The cells were stained for CD4,
IL-2, and IFN-g and flow cytometry was used to demonstrate that
a1(II) can suppress CD3+-induced T cell inflammatory cytokine pro-
duction in the presence of LAIR+/+ but not in LAIR2/2 cells (Fig. 4).
FlowJo softwarewas used to calculate the numbers (percentages)

of positive cells. They were as follows: IFN-gpos LAIR+/+ = 0.1856
0.152; IFN-gpos LAIR+/+ and a1(II) = 0.0057 6 0.0045; IFN-gpos

LAIR2/2 = 0.254 6 0.018; IFN-gpos LAIR2/2 and a1(II) = 0.285 6
0.023; p = 0.045 when comparing the LAIR+/+ with and without
a1(II); p , 0.001 when comparing LAIR+/+ and a1(II) with
LAIR2/2 and a1(II).
The IL-2pos LAIR+/+ = 0.293 6 0.05, IL-2pos LAIR+/+ and a1

(II) = 0.050 6 0.005, IL-2pos LAIR2/2 = 0.299 6 0.10, IL-2pos

LAIR2/2 and a1(II) = 0.303 6 0.045; p = 0.009 comparing the
IL-2pos LAIR+/+ cells with and without a1(II).
Taken together, these data indicate that stimulation of LAIR-1

might be an effective way to attenuate autoimmune arthritis.

Treatment of B6.DR1 mice with anti–LAIR-1 Ab

In our quest to use mouse models to develop treatments that will
eventually translate into therapies for human RA, we used the CIA
model to treat mice in vivo with a stimulating LAIR-1 Ab and evaluate

FIGURE 1. Induction of LAIR-1 in T cells. (A) Naive DBA/1 spleno-

cytes were cultured with a1(II) for 24 h. The expression of LAIR-1 was

examined by flow cytometry using a PE-conjugated anti–LAIR-1 Ab.

Histograms are gated on CD4+ T cells. The data are representative of three

separate experiments. Mean fluorescence (MF) for cells cultured with

media alone (light gray line) was 392 6 32 whereas MF for cells cultured

with a1(II) (black line) was 1048 6 45, p # 0.001. (B) Murine T hy-

bridoma cells (23 106 per ml) were stimulated with CII [a1(II), 50 mg/ml]

for the indicated time period. The expression of LAIR-1 was examined by

flow cytometry as in (A). Mean fluorescence = 1208 6 53 compared with

185 6 24 as a mean of three separate experiments. (C) Induction of

LAIR-1 by CI. Murine T hybridoma cells (1 3 107 per 10 ml) were

stimulated with a1(I) (50 mg/ml) for the indicated time period. Samples

were loaded and expression level of LAIR-1 was examined with Western

blot analysis using anti–LAIR-1. Actin was used as control. Data shown

are representative of three separate experiments.
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disease severity and Ab and cytokine responses. B6.DR1 transgenic
mice were immunized with CII/CFA and treated i.p. with either anti–
LAIR-1 IgG, or a matched IgG control. We found that the mice re-
ceiving the stimulating anti-LAIR Ab had significant suppression of
the severity of the arthritis compared with littermate controls admin-
istered the control Ab (Fig. 5, upper panel). The severity of the arthritis
was statistically significant (on day 37 after immunization severity
scores were 1.5 6 1.9 versus 6.4 6 2.4, p = 0.007; Fig. 5). When
serum taken from the mice at 4 wk after immunization was tested for
levels of Abs against CII, there was a decrease in anti-CII Abs in the
group of mice that received anti-LAIR IgG Ab compared with the
littermate control group of mice that received the IgG control (33 6
7.9 U versus 62 6 16 U, p = 0.04).
In a second experiment, either anti–LAIR-1 or control Ab was

injected directly into the ankle joint of the right hindpaw of

B6.DR1 mice for a total of seven treatments (Fig. 5, lower
panel). Each right hindpaw was scored for the severity of ar-
thritis. As shown in Fig. 5, the final severity scores were sig-
nificantly different.
Similarly, we found that the final severity scores for forepaws

were as follows: LAIR-1–treated mice 0.4 6 0.9; hamster IgG–
treated mice 2.6 6 1.4; untreated mice 3 6 2, (**p = 0.008),
comparing LAIR-1–treated to either hamster IgG–treated or
untreated, suggesting that the Ab had effects on other joints
despite intrasynovial administration into the hindpaws.
We found that arthritis severity scores for the anti–LAIR-1–

treated group were significantly different from scores taken from
mice treated with either the control hamster IgG or untreated.
Taken together, these data suggest that an Ab that stimulates
LAIR-1 effectively attenuates autoimmune arthritis.

FIGURE 2. Suppression of the cytokine response by Ag-stimulated T cells using an Ab that stimulates LAIR-1. Splenocytes from CII-immunized B6.

DR1/LAIR+/+ mice were cultured with the A2 peptide (3 mmol/ml) or no Ag, in the presence of the indicated concentrations of either hamster IgG or a mAb

to LAIR-1. Values indicated represent the mean 6 SEM (picograms per milliliter) of three separate experiments. Cytokine responses from cells cultured

with A2 peptide in the absence of Ab were not different from data obtained with control IgG. (Lower right panel) Murine T hybridoma cells (1 3 107 per

10 ml) were stimulated with anti–LAIR-1 (1 mg/ml) for the indicated time period. Samples were loaded and expression level of LAIR-1 was examined with

Western blot analysis using anti–LAIR-1. Then 150 mg of sample per lane was loaded and expression level of LAIR-1 was examined with Western blot

analysis using anti–LAIR-1 Ab (produced in Armenian Hamster, 1:500 dilution). Actin was used as control. These data are representative of three separate

experiments and confirm that the Ab is not cytotoxic, but instead increases the LAIR-1. *p # 0.01, **p # 0.001.
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To confirm that the Ab does not deplete cell populations in vivo,
two B6.DR1 mice were injected i.p. with 0.5 mg of the anti–LAIR-1
IgG and 2 d later, spleens were removed and tested for various
cell populations using flow cytometry. As noted previously, in
wild-type mice, there were 22 6 4% CD4+ cells, 8.3 6 1% CD8+

cells, 60 6 7% CD19+ cells, as well as ,5% of each of the DX5+,
GR1+, CD11b+, and CD11c+ populations. After injection, there
were 20 6 3% CD4+ cells, 6 6 3% CD8+ cells, 58 6 4% CD19+

cells, as well as ,5% of each of the DX5+, GR1+, CD11b+, and
CD11c+ populations. These data demonstrate that the Ab did not
induce a significant change in the numbers of lymphoid cells
present in vivo.

DR1/LAIR2/2 mice and CIA

In an effort to determine the extent to which LAIR-1 affects au-
toimmune arthritis in vivo, we obtained LAIR2/2 mice and inter-
crossed them with B6.DR1 mice. Littermate controls were selected

that were either B6.DR1 LAIR-12/2 or B6.DR1 LAIR-1+/+, and
the mice were challenged with CII/CFA and observed for the
development of arthritis. As shown in Fig. 6, B6.DR1/LAIR2/2

(KO) mice developed arthritis that was more severe with more
arthritic limbs than B6.DR1 littermate controls (p # 0.05 begin-
ning on day 35 after immunization) (Fig. 5).
Splenocytes were collected from both groups of mice for cy-

tokine analysis. The splenocytes were cultured with A2 peptide (3
mmol/ml) or no Ag, then supernatants were analyzed for cyto-
kines. LAIR2/2 mice were found to have greater Th1, Th2, and
Th17 cytokine responses (IFN-g, IL-17A, IL-10, and IL-4) than
LAIR+/+ mice (Table I).

Ab subclass analysis in immunized LAIR-1+/+ and LAIR-12/2

mice

Because the absence of an important inhibitory receptor might have
broad effects on the resulting autoimmunity, we tested whether Ab

FIGURE 3. In vitro analysis of LAIR-1–mediated cytokine suppression. Splenocytes from naive LAIR+/+ and LAIR2/2 mice were cultured for 24 h with

and without a1(II) and stimulated with soluble anti-CD3 Ab for another 24 h. Similarly T hybridoma cells and purified CD4+ T cells from naive LAIR+/+

were cultured for 24 h with and without a1(I), and stimulated with soluble anti-CD3 Ab for another 24 h. The supernatants were collected and the

concentration of cytokines was measured using Multiplex ELISA. The data shown represent the means of three separate experiments. CD3 responses of

wild-type cells when compared with and without collagen are significantly different, *p # 0.001 for IFN-g, IL-17A, and IL-2.
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subclasses influenced by inflammatory cytokines vary between the
LAIR+/+ and the LAIR-12/2 mice. Serum samples were collected
from each mouse 6 wk after immunization with CII/CFA and
analyzed for the quantity of CII-specific Ab by ELISA (Fig. 7).
When the mean Ab titers for each group of mice were examined,

we found that the total collagen-specific IgG was significantly
different between the two groups of mice, with IgG levels being
significantly higher in the LAIR-12/2 mice (p = 0.001). Although
the IgG2c and IgG3 subclasses analyzed from the LAIR-12/2 sera
showed a trend toward higher levels when compared with wild-type
controls, the most strikingly significant difference was noted in the
IgG2b group, a subclass known to capable of fixing complement and
influenced by IFN-g (p = 0.008). Taken together these data confirm
that the absence of the inhibitory LAIR-1 accentuates both arthritis
and the complement-fixing IgG2b Ab subclass titers to collagen in
the CIA model following immunization with CII/CFA.

Discussion
The proper functioning of the immune system is based on a fine
balance between activation and inhibition. Although immune
suppression can lead to the threat of infection by pathogens and
immunodeficiency, insufficient inhibition can lead to damage to
self or autoimmunity (6). Inhibitory immune receptors play a
crucial role in this balance. We have studied the inhibitory re-
ceptor, LAIR-1, and demonstrate that collagen stimulates LAIR-1
to suppress T cell cytokine responses. Furthermore, Abs that
stimulate LAIR-1 will suppress murine autoimmune arthritis if
administered in vivo, and mice genetically deficient in the LAIR-1
receptor develop more severe arthritis than wild-type controls.

These data suggest that LAIR-1 may be a potential therapeutic
target for suppressing RA.
Collagen, an extracellular matrix protein, is the ligand for LAIR-1,

unlike other ITIM-bearing receptors that tend to react with trans-
membrane proteins (1, 7). The discovery that collagens are func-
tional ligands for LAIR-1 (8) revealed a novel role for collagen
in the regulation of immune function. Subsequently C1q (which
has a collagenous tail) has been reported to successfully stimu-
late LAIR-1 and cause immune suppression in monocytes and
dendritic cells (9, 10). Collagen is the most abundant type of
protein in vertebrates and the hallmark of collagens is their triple-
helical structure. All collagens are composed of three polypeptide
chains, termed a-chains, which are characterized by repeating
glycine-X-Y sequences. Amino acids in positions X and Y are
often proline and 4-hydroxyproline (B), respectively (7). The in-
tegrity of the collagen triple helix is dependent on the hydroxyl-
ation of prolines by prolyl 4-hydroxylase (P4H) and investigators
have demonstrated that LAIR-1 is more likely to bind to the
collagen triple-helix peptides containing multiple Gly-Pro-Hypro
repeats. In general, the GPB content of the synthetic peptides
appeared the dominant determinant for LAIR-1 binding, although
other residues impact binding as well (11).
Although it has been previously believed that the tertiary structure

of collagen was necessary to trigger LAIR-1, we found that dena-
tured a-chains of CI or CII were as capable of activating LAIR-1 as
their native counterparts (11). Using designed synthetic trimeric
peptides encompassing the entire triple-helical domain of human
CII and type III collagen, Lebbink et al. (11) determined that
smaller linear peptides with no tertiary structure had no effect on

FIGURE 4. Flow cytometric analysis of LAIR-1–mediated cytokine suppression. Splenocytes from naive LAIR+/+ and LAIR2/2 mice were cultured for

24 h with and without a1(II), then stimulated with soluble anti-CD3 Ab for another 24 h. Data shown are representative of six separate analyses and scatter

plots are gated on CD4+ T cells.
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LAIR-1, whereas selected synthetic trimeric peptides could both
bind and stimulate LAIR-1 at functional binding sites. These data
suggest that although some tertiary structure of the collagen appears
to be required for activation of LAIR-1, the complete triple-helical
structure is not necessary. Although investigators have demonstrated
that collagen is the functional ligand for LAIR-1, we cannot rule out
the possibility that the induction of LAIR-1 expression could be
induced by collagen binding to other receptors, leading to activation
of the cell and generation of LAIR-1 expression.
In contrast to typical inhibitory receptors, whose expression is

restricted to one type of immune cell, LAIR-1 is found on many
cells in the immune system. These cells include CD4+ T cells,

CD8+ T cells, monocytes, granulocytes, dendritic cells, NK cells,
NKT cells, and a subset of B cells (5). Although multiple cells are
likely involved in the pathogenesis of arthritis and stimulation of
LAIR-1 undoubtedly has broad effects in vivo, we have chosen to
focus on the CD4+ T cell, because LAIR-1 can be upregulated on
CD4+ T cells, and CD4+ T cells, especially Th1 and Th17 cells,
play a prominent role in the initiation of systemic immune re-
sponses in RA. It has been shown that T cells are important in the
pathophysiology of RA (12). The success of Abatacept also shows
that targeting T cells are an effective therapeutic strategy in
treating RA (13).
We demonstrate that LAIR-1 can be upregulated on the surface

of the CD4+ T cell following culture with collagen. This obser-
vation is novel, although other investigators have reported regu-
lated surface expression of LAIR-1 following other types of
stimulation of the TCR (14). One group of investigators showed
that in vitro stimulation of the TCR decreased LAIR-1 expression
upon activation (14), whereas the opposite result was reported by

FIGURE 5. LAIR-1 can mediate suppression of CIA. (Upper panel)

Two groups of littermate B6.DR1 mice were immunized with CII/CFA. On

days 1 and 11, each mouse was treated i.p. with either 0.2 mg of a

monoclonal IgG Ab stimulating LAIR-1 (diamonds, n = 4), or 0.2 mg of a

hamster IgG control (squares, n = 7). On day 19 after immunization, each

mouse was treated with 0.1 mg of each Ab i.p. The mean severity scores

were significantly different between the two groups beginning at day 32.

An untreated control group was no different from the mice treated with the

hamster IgG control (final severity scores 6.2 6 2.2). (Lower panel) In a

second experiment, three groups of B6.DR1 mice were injected intra-

synovially into each right ankle joint with either 10 mg of a stimulating Ab

to LAIR-1 (diamonds, n = 5) or 10 mg of the control hamster IgG (squares,

n = 5), or were untreated (circles, n = 8). Treatments were given on days 3,

7, 10, 14, 16, 21, and 23 after immunization. Data shown are the mean

severity scores of the right hindpaws for each group of animals. The ar-

thritis severity scores for the LAIR-1–treated group were significantly

different from both the hamster IgG scores and the untreated scores be-

ginning at day 32. *p # 0.05, **p # 0.005.

FIGURE 6. LAIR-12/2 mice have severe arthritis. B6.DR1 LAIR2/2

mice and B6.DR1 wild-type mice were immunized with CII/CFA; B6.DR1

littermate controls (diamonds, n = 26) and B6.DR1/LAIR2/2 (squares, n =

20). Each mouse was scored three times weekly beginning 2 wk after

immunization. Our data show that B6.DR1/LAIR2/2 mice develop ar-

thritis that is more severe (upper panel) beginning on day 35 after im-

munization (*p # 0.05). The LAIR2/2 mice also have more arthritic limbs

(lower panel) than B6.DR1 littermate controls beginning on day 35 (*p ,
0.05). These data are representative of two independent experiments.
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Maasho et al. (15) (i.e., T cell stimulation in vitro increased sur-
face expression of LAIR-1). In another study, naive CD4+ and
CD8+ T cells and effector CD8+ T cells had higher LAIR-1 ex-
pression than memory T cells (15).
Receptors that inhibit proinflammatory Th1 and Th17 cytokine

production could potentially modulate autoimmune arthritis. Be-
cause T cell inflammatory responses (IL-17A, IFN-g, and IL-2) were
significantly inhibited by the addition of collagen to the cultures in
the presence of LAIR-1, we chose to look at LAIR-1 stimulation
in vivo. The wide array of immunological tools available for mice
makes murine models of RA useful tools to explore mechanisms of
disease inhibition more rapidly and with greater sophistication. Abs
to LAIR-1 were administered to mice in vivo and were found to
significantly attenuate autoimmune arthritis. Our data suggest that

this Ab is stimulatory because LAIR-1 is upregulated on T cell
hybridomas following culture with anti–LAIR-1, although we
cannot rule out the possibility that the Ab blocks LAIR ligands.
Similarly, when LAIR-12/2 mice were crossed to B6.DR1 trans-
genic mice (arthritis susceptible haplotype) (4) and were immunized
with CII/CFA, the LAIR-12/2/DR1 mice developed arthritis that is
more severe, with more arthritic limbs than B6.DR1 littermate
controls. Because LAIR-1 is found on many cells in the immune
system, including CD4+ T cells, CD8+ T cells, monocytes, gran-
ulocytes, dendritic cells, NK cells, NKT cells, and a subset of
B cells (5), we believe that multiple cells are likely involved in
LAIR-1–induced suppression of arthritis and that the in vivo effects
undoubtedly involve multiple immune cells. Although our data on
autoimmune arthritis clearly demonstrate that the absence of LAIR-1

Table I. Cytokine responses in arthritic LAIR2/2 mice

Mice Ags

Cytokines, pg/ml

IFN-g IL-17A IL-4 IL-10

LAIR+/+ No Ag 130 6 20 218 6 24 3 6 2 16 6 6
A2 peptide 2,004 6 77 12,209 6 181 15 6 7 59 6 2

LAIR2/2 No Ag 126 6 17 59 6 25 3 6 3 11 6 4
A2 peptide 21,161 6 70* 20,595* 48 6 7* 631 6 15*

Splenocytes from CII-immunized B6.DR1/LAIR+/+ and B6.DR1/LAIR2/2 mice were cultured with A2 peptide (3 mmol/ml) or no Ag, and then supernatants were analyzed
for cytokines. LAIR2/2 mice were found to have greater Th1, Th2, and Th17 cytokine responses than LAIR+/+ mice. Values indicated represent the mean6 SEM (picograms per
milliliter) of three separate experiments.

*p # 0.01.

FIGURE 7. Production of Ab specific for

CII by LAIR2/2 compared with LAIR+/+

mice. LAIR+/+ and LAIR2/2 littermates

were immunized with 100 mg of bovine CII

emulsified in CFA as described in Materials

and Methods. Serum samples were col-

lected 6 wk after immunization and ana-

lyzed for quantity of CII-specific Ab by

ELISA. Units of Ab were calculated using

standard reference sera. Data are expressed

as mean titers per group (n = 13 for LAIR2/2

mice, n = 23 for LAIR+/+ mice) 6 SEM.

These data are representative of two inde-

pendent experiments. *p # 0.02; **p #

0.0001.
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causes more severe arthritis, other investigators have shown that
C57BL/6 LAIR-12/2 mice were not different from LAIR-1+/+ mice
regarding development of spontaneous autoimmune disease or ex-
acerbation of development of colitis or experimental autoimmune
encephalomyelitis (5).
Given that the ligand for LAIR-1 is collagen, the Ag used in the

CIA model, we recognize that other murine models of arthritis
would be useful to analyze the importance of LAIR-1. In pre-
liminary experiments we have shown that the spontaneous arthritis
of IL-1 receptor antagonist –deficient mice (SAD), in which there
is a genetic IL-1 receptor antagonist deficiency on the BALB/c
background (16), can be treated with a known LAIR-stimulating
ligand (CII), and cause attenuation of arthritis (L.K. Myers and
A.H. Kang, unpublished observations). Although more work will
be needed to determine that stimulation of LAIR-1 is the primary
mechanism of action in these experiments, these data suggest that
therapies directed at LAIR-1 may be broadly applicable in auto-
immune arthritis.
Recently it has been observed LAIR-1 expression was signifi-

cantly decreased in circulating CD4+ T cells in RA patients com-
pared with both osteoarthritis patients and healthy individuals (14).
These results suggest that manipulating the expression of LAIR-1
may be a novel way to improve the treatment of RA (14). Others
have reported increased levels of LAIR-2 (a soluble LAIR-1 in-
hibitor) in RA (17). Correlations between downregulation of an
inhibitory receptor and the predisposition for autoimmune diseases
such as systemic lupus erythematosus, type 1 diabetes, and multiple
sclerosis have also been reported (18). Similarly, disrupted LAIR-1–
mediated immune silencing leads to a loss of self-tolerance in
plasmacytoid dendritic cells and B cells from patients with systemic
lupus erythematosus (19). Although inhibitory receptors are thought
to be important in balancing immune responses and the general
assumption is that lack of inhibition predisposes for autoimmune
diseases, much work remains to be done to establish the molecular
pathways by which these phenomena occur and what other mole-
cules are required.
In our study, the total collagen-specific IgG was significantly

higher in the LAIR-12/2 mice compared with the LAIR-1+/+ mice.
Although the IgG2c, and IgG3 subclasses analyzed from the
LAIR-12/2 sera showed a trend toward higher levels when com-
pared with wild-type controls, the most striking differences were
noted in the IgG2b group, a subclass known to capable of fixing
complement and influenced by IFN-g. These results suggest that
genetic deletion of LAIR-1 significantly enhances the inflamma-
tory response. On the other hand, a trend toward lower serum
levels of IgG1 were noted in the B6.DR1 LAIR-12/2 mice. Tang
et al. (5) similarly reported that C57BL/6 LAIR-12/2 mice had
lower serum levels of IgG1 compared with wild-type mice.
In summary, we have found that the surface expression of LAIR-1

increases following stimulation with collagen. We hypothesize that
the expression of LAIR-1 can be upregulated in vivo to influence
the severity of autoimmune arthritis (20, 21) and that LAIR-1 can
be stimulated in vivo to suppress T cell activity and inflammation
in general. Treatment with either anti–LAIR-1 or the LAIR-1 li-
gand may give impetus to effectively reduce inflammatory cyto-
kine secretion in T cells of patients with RA. On the other hand,
decreased signaling by inhibitory receptors may lead to an over-
activation of the immune system contributing to, or even being the
cause of, autoimmune diseases (22). We believe that therapies
directed toward stimulating LAIR-1 hold great promise for

downregulating unwanted inflammation (1) and that this natural
inhibitory molecule can be exploited to suppress the tissue injury
occurring in autoimmune arthritis.
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