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Osteopontin (OPN) is an extracellular matrix protein of pleiotropic properties and has been recently recog-
nized as a potential inflammatory cytokine. In this study, we demonstrate, for the first time to our knowledge,
that overexpression of OPN in synovial T cells is associated with local inflammatory milieu and that OPN acts
as an important mediator in amplification and perpetuation of rheumatoid synovitis. The study revealed that
mRNA expression of OPN was highly elevated in CD4* synovial T cells derived from patients with RA, which
correlated with increased OPN concentrations in synovial fluid (SF). The pattern of OPN overexpression
was confined to rheumatoid synovium and correlated with coexpression of selected OPN receptors in syno-
vial T cells, including integrins av and $1 and CD44. RA-derived SF stimulated the expression of OPN in T
cells, which was attributable to IL-10 present in SF and abrogated by anti-IL-10 antibody. Among the more
than 300 autoimmune and inflammatory response genes examined, OPN selectively induced the expression
of proinflammatory cytokines and chemokines known to promote migration and recruitment of inflamma-
tory cells. Furthermore, it was evident that OPN activated transcription factor NF-kB in mononuclear cells.
The study has important implications for understanding the role of OPN in rheumatoid synovitis and other

inflammatory conditions.

Introduction

Although the etiology and pathogenesis of RA remains unknown,
there is evidence suggesting that T cell-mediated inflammation
plays an important role in rheumatoid synovitis. Several candi-
date autoantigens have been proposed, such as collagen II, heat-
shock protein-70, and others (1-4). Their role in the pathogenesis
and the disease process remains elusive. However, there is indica-
tion that T lymphocytes, in particular, Th1 cells, and an array of
proinflammatory cytokines and chemokines are associated with
inflammation and tissue damage in RA (5, 6). Antagonism of
TNF-o and its receptors has provided an effective treatment for
RA (7-9). However, the molecular mechanisms involved in the acti-
vation and perpetuation of inflammatory T cells in rheumatoid
synovium are poorly understood.

Osteopontin (OPN), also known as early T lymphocyte activa-
tion-1, has been recently recognized as a potential proinflammatory
cytokine associated with inflammatory processes. OPN is an
extracellular matrix protein and has pleiotropic functions, including
a proinflammarory function (10, 11). It is classified as a Th1 cytokine
because of its ability to enhance the production of IFN-y and IL-12 in
macrophages (10). OPN interacts with a variety of cell surface recep-
tors, including a3, avp1, a4p1, a8p1, and a9p1 integrins as well as
CD44. Binding of OPN to these cell surface receptors induces signal-
ing events that promote cell adhesion and migration (12).

High levels of expression of OPN have been reported in RA and in
inflammatory lesions in multiple sclerosis (13-16). The pattern of
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OPN overexpression in T cells present in rheumatoid synovium and
the functional role of OPN in rheumatoid synovitis are unknown.
It has been speculated that OPN plays an important role in the
activation of T cells and the induction of inflammatory factors.
In this study, we hypothesized that OPN expression in synovial T
cells could be induced by cytokine(s) predominantly produced in
the inflamed joint. Increased OPN expression may provide a func-
tional mechanism for the perpetuation and amplification of the
inflammatory process. We designed experiments first to evaluate
the distribution pattern of OPN overexpression in a large panel
of well-defined synovial specimens of RA patients and to correlate
it with that of cytokines and OPN receptors in T cells. We then
performed analyses to characterize in detail the cytokine(s) that is
potentially responsible for the induction of OPN overexpression in
rheumatoid synovium and the effect of OPN on the induction of
proinflammatory cytokines and chemokines in T cells. The find-
ings described in this study have provided, for the first time to our
knowledge, experimental evidence indicating that OPN plays a cen-
tral role in the interplay among various cytokines and chemokines,
involving the transcription factor NF-kB pathway, to form an inter-
active molecular mechanism responsible for amplification and per-
petuation of rheumatoid synovitis. The study has important impli-
cation for the understanding of the role of OPN in inflammatory
process of RA and perhaps in other autoimmune conditions.

Results
Differential expression of OPN mRNA and its protein levels in rheuma-
toid synovium and coexpression of receptors for OPN in tissue-derived T
cells. PBMCs, synovial fluid (SF) mononuclear cells (SFMCs), and
synovial tissue (ST) specimens were obtained from clinically well-
defined RA patients and were analyzed and compared with con-
trol PBMCs derived from healthy individuals. As shown in Figure
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Figure 1

Expression of OPN mRNA in T cells derived from peripheral blood,
SF, and ST. (A) RNA was extracted from T cells isolated from paired
SF, ST, and peripheral blood of RA patients (n = 32) for real-time PCR
analysis. A panel of control T cell preparations was obtained from 31
healthy individuals. OPN expression was normalized to endogenously
expressed GAPDH in the same samples. Relative expression was cal-
culated as the difference (AACt) between the ACy values of the test
sample and of the endogenous control (GAPDH). Relative expression
of OPN gene was calculated and expressed as 2-24CT (see Methods).
(B) CD4+ T cells and CD8+ T cells were isolated from the same T
cell preparations of SF specimens by magnetic bead separation and
were analyzed for OPN expression by real-time PCR. The purity of the
resulting T cell preparations was greater than 97%. The data represent
the mean of 6 randomly selected individual T cell preparations. In all
cases, asterisks indicate statistically significant differences between
the groups (P < 0.05).

1A, the expression of OPN was significantly elevated (P < 0.05), as
determined by quantitative PCR analysis, in T cells derived from
SF and ST of the same RA patients compared with those in paired
PBMCs and control PBMCs. Overexpression of OPN in T cells of
SFMCs was found to occur predominantly in purified CD4* T cell
populations (Figure 1B).

As shown in Figure 2, OPN protein was detected at 16.8 + 4.3
ug/ml in SF derived from RA patients (n = 63), a level that was
more than 10-fold higher than that in paired RA serum and con-
trol serum specimens. The results indicated that the expression
of OPN was significantly elevated at both the mRNA and protein
levels in synovial T cells of RA patients. This distribution pattern
suggested that the overexpression of OPN was confined to rheu-
matoid synovium. In parallel analyses by ELISA, concentrations of
5 cytokines, including IL-18, IL-10, IL-12, TNF-a, and IFN-y were
measured in the same SF and serum specimens of RA patients and
control sera. In contrast to IL-18 and IL-12, whose concentrations
were significantly elevated in both synovial and serum specimens
of RA compared with control sera (P < 0.01), IL-10, TNF-a., and
IFN-y exhibited a distribution pattern similar to that of OPN,
which indicated that the increased production of these cytokines
was confined to rheumatoid synovium (Figure 3).

OPN interacts with a variety of cell surface receptors, including
avP3, avPs, avfl, a4Pl, a8B1, and a9p1 integrins as well as CD44.
Binding of OPN to these cell surface receptors mediates the func-
tional properties of OPN on target cells, including T cells. In this
study, coexpression of these receptors in T cells derived from periph-
eral blood and synovial T cells was examined by real-time PCR using
specific primers (Table 1). As illustrated in Figure 4, some OPN
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receptors (e.g., av, B 1, and CD44) were selectively expressed in T cells
derived from RA ST compared with T cells from paired SFMC and
PBMC populations (P < 0.01). Single-cell suspensions were derived
from RA ST specimens and further characterized for T cell surface
expression of positively identified OPN receptors by flow cytometry.
Representative expression profiles of integrins av and 1 and CD44
in RA tissue-derived T cells are shown in Figure 5.

Induction of OPN expression by SF and cytokines. Next, we addressed
whether the expression of OPN in T cells could be induced by SF
that contained various proinflammatory cytokines. PBMC speci-
mens obtained from randomly selected RA patients and healthy
volunteers were used for all functional assays described below.
PBMC preparations were first exposed in vitro, at the indicated
dilutions, to SF of an RA patient. T cells were subsequently iso-
lated from the treated PBMCs and analyzed for mRNA expression
of OPN using real-time PCR. As shown in Figure 6A, OPN expres-
sion was significantly increased in T cells of RA patients (n = 10) in
response to RA SF. The observed effect of SF was not specific for
T cells of RA patients, as it was the same for control T cells derived
from 10 healthy individuals. The experiments were reproduced with
4 SF specimens of different RA patients. A dose-response pattern of
RA-derived SF on OPN expression is shown in Figure 6B. Similar
to what is shown in Figure 1, the increased expression of OPN was
found predominantly in the CD4" T cell subset, as seen in ex vivo
analysis of synovial T cells (data not shown). In contrast, paired sera
derived from RA patients did not have the same stimulating effect
on OPN expression in T cells (Figure 6B). The stimulating effect of
RA-derived SF on the expression of OPN in T cells was significantly
inhibited by methotrexate and prednisolone. The specific inhibi-
tion rate was 37% + 7% for methotrexate (0.5 ug/ml) and 76% + 13%
for prednisolone (2 ug/ml), respectively.

We further studied whether the inflammatory environment
and the cytokine milieu characteristic of rheumatoid synovium
could be associated with the overexpression of OPN. To this end, 4
cytokines predominantly present in SF of RA patients (as shown in
Figure 3) were evaluated for their ability to stimulate OPN expres-
sion in T cell preparations derived from RA patients. The results
indicated that only IL-10, but not the other cytokines tested, acti-
vated the expression of OPN in purified T cells (Figure 7A). The
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Figure 2

OPN protein concentrations in SF and serum specimens of RA
patients. The OPN protein concentrations were measured by ELISA in
63 paired SF (RA-SF) and serum (RA-sera) samples of RA patients. A
panel of 31 serum specimens from healthy individuals was included as
a control. Asterisks indicate statistically significant differences between
the groups (P < 0.05).
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increased expression of OPN after stimulation with IL-10 occurred
preferentially in CD4* but not CD8" subset (data not shown). In
addition, the protein concentration of OPN as measured by ELISA
was found to rise from baseline to 27.6 + 1.1 ng/ml in CD4* T cell
culture after stimulation with IL-10 as compared with medium
control (<0.05 ng/ml). The dose-response pattern and kinetics of
OPN expression in purified T cells in response to IL-10 stimula-
tion are shown in Figure 7B. Further characterization revealed that
the observed stimulating effect of SF on T cells could be partially
blocked by an antibody against IL-10 but not a control antibody
(Figure 7C), which confirmed that IL-10 present in SF was, at least
partially, responsible for the induction of OPN expression. Addi-
tional experiments showed that the increased OPN expression in
CD4" T cells in response to IL-10 occurred in both CD45RA" naive
and CD45RO* memory T cell subsets (Figure 7D).

Induction of proinflammatory chemokines and cytokines and acti-
vation of transcription factor NF-xB by OPN. We were greatly
interested in determining whether overexpression of OPN in
synovial mononuclear cells could induce the expression of
proinflammatory cytokines and chemokines predominantly
involved in synovitis. To this end, PBMCs were first exposed to
recombinant OPN at a concentration of 1 ug/ml and were ana-
lyzed for the expression of 364 genes selected for their involve-
ment in autoimmune and inflammatory responses using a
validated cDNA array system. The results indicated that treat-
ment of PBMCs with OPN preferentially induced expression of
proinflammatory chemokines and, to a lesser degree, altered
expression of proinflammatory cytokine genes (e.g., IL-1 and IL-8)
and genes encoding molecules related to the NF-kB transcrip-
tion pathway and TNF receptor family (Figure 8A and Table 2).
The expression profile of some chemokines and cytokines shown
in cDNA array analysis was confirmed by real-time PCR (Figure
8B). The results were reproduced in additional experiments with
different PBMC specimens. Furthermore, we investigated the
potential role of transcription factor NF-kB in the activation of
these genes corresponding to proinflammatory chemokines and
cytokines, as the NF-kB pathway is frequently involved in the
induction of many proinflammatory cytokine/chemokine genes.
As illustrated in Figure 9, OPN had a potent effect on the activa-
tion of NF-kB, as evident in the results of a representative elec-
trophoretic mobility shift assay. The observation was confirmed
subsequently using a commercially available NF-kB p60 and p65
ELISA kit (data not shown).
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Figure 3

Cytokine concentrations in synovial
and serum specimens of RA patients.
Concentrations of 5 cytokines, includ-
ing IL-18, IL-10, IL-12, TNF-qa, and
IFN-y, were measured by ELISA in the
same paired SF specimens and paired
sera of RA patients as well as in con-
trol sera as described in the Figure 2
legend. Single asterisks indicate statis-
tically significant differences between
RA specimens (RA-SF or RA-sera)
and control sera (P < 0.01) while dou-
ble asterisks represent significant dif-
ferences between RA-SF and RA-sera
or control sera (P < 0.01).
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Discussion

The etiology and pathogenesis of RA remains unclear. In addition
to the activation of proinflammatory Th1 cells, RA involves many
proinflammatory mediators that interact with each other, which
constitutes a molecular mechanism that perpetuates and amplifies
the inflammatory process in rheumatoid synovium. The impor-
tance of inflammatory mediators is exemplified by significant
efficacy of TNF-a antagonists in the treatment of RA (17). Char-
acterization of a key inflammatory mediator capable of maintain-
ing such an interactive mechanism in rheumatoid synovitis is even
more critical to the understanding of the disease process and the
development of novel therapies for RA. This study represents what
we believe to be the first systemic investigation to define the expres-
sion of OPN in T cells of various tissue sources and to address the
functional role and molecular mechanism of OPN in the amplifica-
tion and perpetuation of inflammation in rheumatoid synovium.

Table 1
Specific primers used in real-time PCR analysis

Name Primer Sequence (5' — 3') Product length

(bp)

GAPDH FW GAAGGTGAAGGTCGGAGTC 187
RV GAAGATGGTGATGGGATTTC

OPN Fw GCCGACCAAGGAAAACTCACT 60
RV TGCCTAGGAGGCAAAAGCA

av Fw ACTTCTTGGTGGTCCTGGTAG 131
RV GCAGTCCGAGTTGCTAATTG

o4 FW CTGGTGGTTGCTATGGAGTG 190
RV AAGAGAGCCAGTCCAGTAAGATG

a8 FwW TTGAAGCTGTCGGCTAGACC 226
RV CACACCACCATCCTGGTTAC

a9 Fw TTAAGTGCCGTGTTCACACC 193
RV GATGTTCTTCCAGCGATGAG

B7 FW CAGGAAGGAATGCCTACTTCTG 194
RV CAACTGCTGTGGTTGGATCTG

B3 Fw ACGTGCTGACGCTAACTGAC 190
RV ATGAGTCTTGGCATCAGTGG

B5 Fw TCACCTCTCGGTGTGATCTG 298
RV GCTCCGGATATTGTCCAAGTC

cD44 FW AATGGTCGCTACAGCATCTC 182
RV TGCTGCACAGATGGAGTTG

FW, forward; RV, reverse.
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Figure 4

Coexpression of OPN receptors in T cells isolated from peripheral blood, SF and ST of RA patients. RNA was extracted from isolated T cells of

32 paired ST, SF, and PBMC specimens of RA patients. A panel of 31

control T cell preparations was isolated from healthy individuals. mMRNA

expression of OPN receptors was normalized to endogenously expressed GAPDH in the same samples. The purity of T cells was greater than
97% for PBMC and SF specimens and 95% for ST specimens. Relative expression of OPN receptors was calculated as described in the Figure
1 legend. Asterisks indicate statistically significant differences between the groups (P < 0.01).

The findings may have implications regarding the role of OPN not
justin RA but in the inflammatory process in general.

Our results show that OPN is significantly overexpressed in
synovial T cells, preferentially in the CD4* subset, derived from RA
patients at both the mRNA and protein levels. The OPN protein
level can be measured at concentrations of more than 15 ug/ml,
at least 10-fold higher than those seen in paired serum specimens
of RA patients, and is more than 3 logs higher than synovial lev-
els of many major cytokines predominantly produced in inflamed
joint. It is of interest to note that the distribution pattern of OPN
overexpression at both the mRNA and protein levels is confined to
T cells of rheumatoid synovium as compared with peripheral blood
T cells in the same RA patients. This distribution pattern is consis-
tent with that of IL-10, TNF-a, and IFN-y, while the production of
IL-18 and IL-12 is not confined to rheumatoid synovium, as they
are also detected at similar concentrations in paired sera. Further-
more, we describe, for the first time to our knowledge, differential
coexpression of certain, but not all, OPN receptors (e.g., integrins
av and 1 and CD44) in the same synovial T cell populations. It is
known that OPN interacts with a variety of cell surface receptors,
including avp3, avps, avfl, a4p1, a8f1, and a9p1 integrins as
well as CD44 (14). Binding of OPN to these surface receptors is
known to promote cell adhesion and migration and specific signal-
ing events of the host cells. Although a few reports have suggested
that some integrins were expressed on RA ST (18-20), we believe
that this is the first report comparing the levels of coexpression of
OPN receptors in rheumatoid synovial T cells with levels of OPN
expression. The observed correlation supports the notion that these
receptors are preferentially involved in molecular interactions with
OPN in rheumatoid synovium.

Our findings further indicate that OPN overexpression in RA
synovium is attributable, at least in part, to IL-10. This conclusion
is supported by the observation that IL-10 selectively stimulated
OPN expression, which was abrogated by the anti-IL-10 antibody.
Although the role of IL-10 in the induction of OPN expression
was not originally suspected, as it is an antiinflammatory cytokine,
the finding is consistent with significantly elevated IL-10 concen-
tration in SF of RA patients as described here and elsewhere (21,
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22) and with the similarity of its distribution pattern to that of
OPN. It is likely that OPN and IL-10 interact with each other in
a feedback circuit. This is suggested by the observation described
here that IL-10 enhances the expression of OPN and other reports
showing that OPN inhibits IL-10 production (10, 23). These indi-
cations collectively suggest the possibility of a negative feedback
mechanism that is normally present in maintaining a balance
between Th1 immunity (OPN dependent) and Th2 immunity
(IL-10 dependent). Potential defects in this homeostatic mecha-
nism may be attributed to the observed cytokine imbalance and
inflammation in rheumatoid synovium. On the other hand, IL-10
is a multifaceted cytokine and has a complex role in immune
responses, especially in the human system. It has been gener-
ally classified as an antiinflammatory cytokine and has a protec-
tive effect on experimental arthritis in animal models. However,
its role in RA is complex. Treatment with IL-10 yielded obscure
results in early RA clinical trials (24). IL-10 has been found to cor-
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Figure 5

Surface expression of CD44, av and p1 integrins on T cells derived
from RA ST. Single-cell suspensions were prepared from RA-ST
specimens. The surface expression of CD44 and av and $1 integrins
on gated T cells was analyzed by flow cytometry using specific mono-
clonal antibodies or an isotype-matched control antibody. The profiles
shown were representative of 8 individual sample analyses.
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Figure 6

Quantitative real-time PCR analysis of OPN mRNA expression in T cells
in response to treatment with RA-SF. (A) Prefiltered SF of an RA patient
was added, at a final dilution of 1:5, to cultures of PBMCs derived from
10 randomly selected RA patients and 10 healthy individuals matched
for age and sex, respectively. After 48-hour incubation, cells were col-
lected and CD2+ T cells were isolated for real-time PCR analysis of OPN
expression. The purity of CD2+ T cells was greater than 97%. The data
are representative of 4 separate experiments with SF specimens of dif-
ferent RA patients. (B) The dose-response pattern of OPN expression
of the same PBMC specimens of RA patients (n = 10) in response to the
indicated dilutions of RA SF and paired sera (n = 10) under the same
experimental conditions as described in A. The results were reproduced
with a panel of 10 purified CD4+ T cell preparations derived from RA
patients and healthy individuals. Relative expression of OPN gene was
calculated as described in the Figure 1 legend.

relate with autoantibody production and B cell activation in RA,
which may contribute to the disease process (25). In this study,
our findings indicate that IL-10 does not directly induce expres-
sion of chemokines with proinflammatory potential in T cells but

Figure 7

The induction of OPN expression by cytokines and the blocking effect
of anti-IL-10 antibody. (A) PBMCs selected from RA patients (n =10,
as described in the Figure 6 legend) were cultured in the presence
and absence of the indicated cytokines at a final concentration of 25
ng/ml for 48 hours. T cells were purified by magnetic bead separation
and were subject to real-time PCR analysis of OPN expression. The
purity of the isolated T cell preparations was greater than 97%. (B)
The same PBMC preparations were cultured in the presence and
absence (Medium [control]) of recombinant IL-10 used at the indicat-
ed concentrations to determine the dose-response pattern and kinet-
ics of OPN expression in T cells. The resulting cells were harvested
at the indicated time points and T cells were purified prior to real-time
PCR analysis for OPN expression. (C) In parallel experiments, the
same PBMCs (10 untreated samples) were cultured in the presence
and absence (Medium [control]) of SF at a dilution of 1:5. A puri-
fied mouse anti-human IL-10 antibody or a mouse control antibody of
matched isotype (anti-lysozyme antibody), respectively, was added
at a final concentration of 5 ug/ml. T cells were subsequently isolated
and analyzed for OPN expression by real-time PCR. The purity of
T cells was greater than 97%. Dash indicates absence of antibody.
(D) CD45RA* and CD45RO+*CD45RA- T cell preparations were puri-
fied (n = 10; cell purity >97%) using magnetic beads coupled with
specific antibodies and analyzed, together with PBMC preparations,
for the expression of OPN by real-time PCR. Relative expression of
OPN gene was calculated as described in the Figure 1 legend. In all
cases, asterisks indicate statistically significant differences between
the groups (P < 0.05).
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acts indirectly through upregulation of the expression of OPN.
However, the results described here do not completely exclude the
possibility that other cytokine(s) that were not identified in this
study may also contribute to the activation of OPN gene. This is
supported by the observation that the stimulating effect of SF on
OPN expression was blocked partially by IL-10 antibody.

Furthermore, the findings described here indicate that OPN acts
to enhance differential expression of proinflammatory chemokines
in PBMCs. With the advantage of using an autoimmune and inflam-
matory response cDNA array containing 364 selected genes, we dem-
onstrated that OPN preferentially activates some proinflammatory
chemokine and cytokine genes (e.g., IL-1, IL-8, CXCLI, CCL2, and
so on) among all other autoimmune and inflammatory response
genes. Interestingly, OPN also regulates genes related to NF-kB tran-
scription pathway and TNF receptor family. We further confirmed
that OPN is able to activate the transcription factor NF-kB pathway,
which is known to play a critical role in the production of many
inflammatory factors, including cytokines and chemokines (26-28).
These demonstrated effects and mechanisms of OPN are essential
to the proposed role of OPN in the perpetuation and amplifica-
tion of inflammatory synovitis. That is, the cytokine milieu pro-
duced by inflammatory T cells and macrophages and enriched for
IL-10 in rheumatoid synovium induces overexpression and pro-
duction of OPN. This further amplifies inflammation through
proinflammatory chemokines and cytokines and promotes migra-
tion and recruitment of inflammatory cells into inflamed synovi-
um. This mechanism, mediated by OPN, is likely to play a key role in
rheumatoid synovitis. Indeed, Yamamoto and colleagues reported
recently that antibody against OPN could inhibit the inflammatory
process in arthritic joints in a murine model (29). Further investiga-
tions are under way in our laboratory to define the signaling events
induced by OPN and potential experimental strategies for the inhi-
bition of OPN-mediated inflammatory process.
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Figure 8

Effect of OPN on the expression of genes correspond-
ing to autoimmune and inflammatory responses. (A) The
analyses were performed using an autoimmune and
inflammatory response cDNA array system. A represen-
tative experiment is shown as dot blots representing the
expression profile of selected genes of proinflammatory
cytokines and chemokines as indicated at the supplier’s
website (www.supperarray.com/gene_array_product/
HTML/HS-602.3.html). PBMCs were treated with OPN
at 1 ug/ml for 3 hours. The gene expression profile
was compared with untreated PBMCs under the same
experimental condition. After hybridization with sample
cDNA, chemiluminescence was visualized by autoradi-
ography, and digital data were analyzed using Bio-Rad
Quantity One software. The results are given as ratio of
gene expression of OPN treated to that of untreated con-
trols (see Table 2). (B) PBMC preparations derived from
separate RA patients were treated with OPN under the
same experimental conditions as described above. The
expression of the indicated chemokines and cytokines
was analyzed by real-time PCR. Relative expression
of the indicated genes was calculated as described in
Methods. The differences between OPN treated and
untreated control for all chemokines tested were statisti-
cally significant (P < 0.01).

The tissues were cut into small pieces and immediately
homogenized for RNA extraction.

RNA extraction and real-time PCR. Total RNA was isolat-
ed from cell pellets using an RNeasy Mini Kit (QIAGEN).
Genomic DNA was removed from total RNA prior to cDNA
synthesis using the RNase-Free DNase Set for DNase diges-
tion during RNA purification (QIAGEN). RNA was stored at
-80°C. First-strand cDNA synthesis was performed for each
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Methods

Patients and specimens. A total of 95 patients with RA were included in the
study. All patients fulfilled the American College of Rheumatology crite-
ria for RA. This group included 68 females and 27 males with a disease
duration of 15 + 12 years. The age of the patients was 54 + 19 years. Com-
plete sets of paired SF, ST, and peripheral blood were obtained from 32 of
the 95 patients for paired analyses. Additional sets of synovial and paired
serum specimens (no cells) derived from the remaining 63 RA patients were
used only for analyses of protein concentrations of OPN and the selected
cytokines by ELISA. Control T cells and sera were obtained from a group of
31 healthy individuals matched for sex ratio and mean age with the patient
group. At the time of sample collection, patients had not received immuno-
suppressive or immunomodulatory drugs for at least 2 months. Informed
consent was obtained from all study subjects prior to sample collection.
The study protocol was approved by the institutional review board of the
Health Science Center (Shanghai, China).

Synovial specimens were obtained through synovectomy or arthroscop-
ic procedures that were performed for other medical indications. SF was
centrifuged at 350 g for 3 minutes, and supernatants were collected and
immediately stored at -80°C until use. Mononuclear cells were prepared
by Ficoll-Hypaque separation (Amersham Biosciences) from SF, and blood

specimens of RA patients and were immediately processed for cell culture.
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RNA sample using Sensiscript RT Kit (QIAGEN). Random
hexamers were used to prime cDNA synthesis.

mRNA expression of OPN, the OPN receptors, and the
selected chemokines was determined by real-time PCR using
SYBR Green Master Mix (Applied Biosystems). Nucleotide
sequences of specific primers for OPN and the OPN receptors are listed
in Table 1. Thermocycler conditions included an initial holding at 50°C
for 2 minutes, then 95°C for 10 minutes; this was followed by a 2-step
PCR program: 95°C for 15 seconds and 60°C for 60 seconds for 40 cycles.
Data were collected and quantitatively analyzed on an ABI PRISM 7900
sequence detection system (Applied Biosystems). The GAPDH gene was
used as an endogenous control to normalize for differences in the amount
of total RNA in each sample. All values were expressed as fold increase or
decrease relative to the expression of GAPDH. The mean value of the repli-
cates for each sample was calculated and expressed as cycle threshold (Cr,
cycle number at which each PCR reaction reaches a predetermined fluores-
cence threshold, set within the linear range of all reactions). The amount
of gene expression was then calculated as the difference (ACr) between the
Crvalue of the sample for the target gene and the mean Crvalue of that
sample for the endogenous control (GAPDH). Relative expression was cal-
culated as the difference (AACr) between the ACrvalues of the test sample
and of the control sample. Relative expression of genes of interest was cal-
culated and expressed as 2-3CT,

Measurement of SF OPN protein and cytokines by ELISA. Concentrations of
OPN protein and the indicated cytokines in serum and SF specimens were
measured quantitatively using ELISA kits according to the manufacturer’s
procedure. OPN ELISA kit was purchased from Assay Designs and was
Volume 115 1065
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Table 2
Gene expression profile of PBMC after in vitro treatment with OPN

Gene groups Genes altered Ratio  Position
Increased expression
Chemokines CCL2 (MCP-1/SCYA2) 12.9 36
CCL3 (MIP-10./SCYA3) 45 43
CCL4 (MIP-1B) 4.0 44
CCL15 (MIP-18/MIP-5) 2.0 31
CCL18 (PARC) 3.1 34
CXCL1 (GROa/MGSA) 5.2 86
CXCL2 (MIP-20./ GROb) 2.7 91
CXCL3 (GRO3) 2.6 92
CXCL5 (ENA-78/SCYA5) 4.2 93
CXCL6 (GCP-2/SCYB6) 2.0 94
Cytokines IL-Ta 3.4 164
IL-18 43 165
IL-8 2.0 184
NF-xB signaling NFKB1 2.0 253
molecules NFKB2 2.0 254
NFKBIA 2.0 255
Decreased expression
Chemokines/receptors ~ CCR2 (MCP-1-R) 5.0 49
XCL1(SCYCT) 2.5 358
XCL2 (5CYC2) 5.0 359
XCR1(CCXCRT) 2.5 360
Cytokines IL-11 2.5 145
TGFB1 3.3 310
TNF receptor family TNFRSF8 (CD30) 33 337
and others TRAF5 5.0 348
TRAF6 3.3 349
XP05 3.3 361
ZFPM2 33 363
NFAT5 (TONEBP) 3.3 248

designed by the manufacturer to specifically detect the noncleaved form
of OPN. The cytokine kits were obtained from Bender MedSystems and
BD Biosciences. Microtiter plates precoated with purified mouse antibod-
ies against the indicated cytokines or OPN were washed, and nonspecific
binding sites were saturated with 10% (wt/vol) FBS for 1 hour and sub-
sequently washed. SF or serum, along with the recombinant cytokines
as standards, were diluted with PBS and added in duplicate wells. Plates
were incubated for 2 hours and subsequently washed with PBS-Tween 20.
Matched biotinylated detecting antibody was added and incubated for 2
hours. After washing, avidin-conjugated HRP and 3,3',5,5'-tetramethyl-
benzidine were used for color development. Optical density was measured
and cytokine concentrations were quantitated using Microplate computer
software (Bio-Rad Laboratories).

Preparation of single-cell suspension from ST. STs were processed immediately
after surgical removal and cut into small pieces in complete RPMI medium

Figure 9

Activation of transcription factor NF-kB by OPN. The effect of OPN on
the activation of NF-kB in PBMC preparation derived from an RA patient
was analyzed by EMSA. Cells were exposed to recombinant OPN at a
concentration of 1 ug/ml for 30 minutes and were subjected to nuclear
extraction and EMSA. Lanes 1 and 2, PBMCs treated with OPN; lanes
3 and 4, untreated controls; lane 5, PBMCs treated with TNF-a (40 ng/
ml) for 40 minutes. In lanes 2 and 4, 100-fold unlabeled probe of NF-kB
was used as a competing agent. The results are representative of 3
separate experiments with different PBMC preparations.
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(Invitrogen Corp.) containing 10% FBS and 1% penicillin-streptomycin-L-
glutamine. Grinding of small pieces of tissue specimens was performed
using a micro tissue grinder with a Teflon resin pestle. We obtained single-
cell suspension after filtering the sample through nylon mesh of 70 um.

Flow cytometric analysis. Cells were resuspended in PBS containing 1% BSA
(Irvine Scientific) and 0.1% sodium azide (Sigma-Aldrich) and incubated
with FITC- or PE-conjugated antibodies or isotype control antibodies at
the recommended dilutions for 30 minutes on ice. Antibodies against CD2,
CD4, and CD8 were obtained from BD Biosciences, and antibodies against
CD44 and the selected integrins were purchased from Immunotech.

Purification of T cells and isolation of CD4* and CD8* T cell subsets. Cells were
washed by centrifugation in medium and subsequently resuspended in cold
PBS containing 2% FBS at a cell density of 10 million cells per milliliter. We
then positively isolated CD2*, CD4*, and CD8" T cells using magnetic beads
coated with specific antibodies according to the manufacturer’s instructions
(Dynal Biotech). After separation, the unselected cell fractions were checked
for percentage of residual CD2*, CD4*, and CD8" T cells by flow cytometry.
An aliquort of positively isolated T cell fraction was detached from beads and
analyzed for purity of CD2*, CD4*, and CD8" T cells while the remaining
cell preparation was subject to RNA extraction and real-time PCR analysis.
In all cases, the residual T cells were less than 2-3% and the purity of the
resulting CD2*, CD4", and CD8" T cell preparations was always greater than
97%. In the experiments described here, T cells were isolated following treat-
ment of PBMCs with cytokines (e.g., IL-10) or OPN.

T cell stimulation. PBMCs from RA patients and healthy individuals were
cultured in 24-well plates at 1 million cells per well in RPMI 1640 medium
containing 20% FBS in the presence or absence of SF prefiltered through
Millex Syringe-Driven Filter Unit (0.22 um; Millipore Corp.) at a dilution
of 1:5. Cells were maintained at 37°Cin a 5% CO, atmosphere for 48 hours
and were then harvested. T cells were purified for RNA extraction prior
to real-time PCR analysis. For blocking experiments, purified monoclonal
antibody against human IL-10 (R&D Systems) or an isotype-matched con-
trol antibody was added at a final concentration of 5 ug/ml to the PBMC
culture in the presence of SF prior to the procedure mentioned above. The
same procedure was employed to examine the inhibitory properties of
methotrexate and prednisolone on the expression of OPN in T cells.

To determine the effect of cytokines on the expression of OPN or the
effect of OPN on the expression of chemokines, we cultured PBMCs pre-
pared from healthy individuals in 24-well plates at 1 million T cells per
well in RPMI 1640 medium containing 20% FBS in the presence or absence
of the indicated cytokines (IL-10 from PeproTech and other cytokines
from R&D Systems) at a final concentration of 25 ng/ml or purified OPN
(Chemicon International) at 1 ug/ml. Cells were maintained at 37°C and
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5% CO, for 24 hours and were then harvested for T cell isolation and RNA
extraction prior to real-time PCR analysis.

¢DNA array analysis. We examined the expression profile of selected
cytokine and chemokine genes using a commercially available cDNA
array system containing 364 genes related to autoimmune and inflam-
matory response and 20 positive and negative control genes (GEArray
S Series human autoimmune and inflammatory response gene array;
SuperArray Bioscience Corp.) according to the manufacturer’s instruc-
tions. The gene list is given at the manufacturer’s website (www.supper-
array.com/gene_array_product/HTML/HS-602.3.html). Briefly, PBMCs
were treated with OPN (1 ug/ml) for 3 hours. Total RNA was extracted
using TRI Reagent (Molecular Research Center Inc.). Three micro-
grams of total RNA were reverse transcribed into biotin-16-deoxy-UTP-
labeled single-strand cDNA by Moloney murine leukemia virus reverse
transcriptase. After prehybridization, membranes were hybridized with
biotin-labeled sample cDNA and incubated with alkaline phosphatase-
conjugated streptavidin. Chemiluminescence was visualized by auto-
radiography. The results were analyzed using Bio-Rad Quantity One
software (Bio-Rad Laboratories). The relative expression of different
genes was estimated by comparing signal intensity with that of average
intensity of the internal control genes. Data are expressed as ratio of
significant change (>2.0) in gene expression (OPN-treated/untreated
control). The results are representative of 3 experiments using different
PBMC preparations.

EMSA. EMSA experiments were done to assess the translocation of NF-
kB into nuclei after the treatment of OPN. PBMCs were cultured in the
presence or absence of OPN (1 png/ml) for 40 minutes. TNF-o was used as
a positive control. Cell nuclei were prepared using NE-PER Nuclear and
Cytoplasmic Extraction Reagents (Pierce Biotechnology Inc.). 5'-AGTT-
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GAGGGGACTTTCCCAGGC-3' and its complementary strand were used
as the probe. We used a nonradioactive method where the 3’ end of the
probe was labeled with biotin for these experiments (Biotin 3' End DNA
Labeling Kit; Pierce Biotechnology Inc.). Biotinylated oligonucleotides
were detected with LightShift Chemiluminescent EMSA Kit (Pierce Bio-
technology Inc.). Following separation on a 5% nondenaturing gel, the
samples were transferred to a positively charged nylon membrane. The
membrane was UV cross-linked, and the biotin end-labeled probe was
detected with streptavidin-HRP using a luminol enhancer solution.
Statistics. Differences in the expression of genes between the groups were
analyzed by the Mann-Whitney U test. Pvalues of less than 0.05 were consid-

ered statistically significant.
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