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Annexin-1 is an anti-inflammatory protein
that plays an important homeostatic role
in innate immunity; however, its potential
actions in the modulation of adaptive
immunity have never been explored. Al-
though inactive by itself, addition of an-
nexin-1 to stimulated T cells augmented
anti-CD3/CD28-mediated CD25 and CD69
expression and cell proliferation. This
effect was paralleled by increased nuclear
factor-kB (NF-kB), nuclear factor of acti-
vated T cells (NFATs), and activator pro-

tein-1 (AP-1) activation and preceded by a
rapid T-cell receptor (TCR)-induced exter-
nalization of the annexin-1 receptor. Inter-
estingly, differentiation of naive T cells in
the presence of annexin-1 increased
skewing in Th1i cells; in the collagen-
induced arthritis model, treatment of mice
with annexin-1 during the immunization
phase exacerbated signs and symptoms
at disease onset. Consistent with these
findings, blood CD4* cells from patients
with rheumatoid arthritis showed a

marked up-regulation of annexin-1 expres-
sion. Together these results demonstrate
that annexin-1 is a molecular “tuner” of
TCR signaling and suggest this protein
might represent a new target for the devel-
opment of drugs directed to pathologies
where an unbalanced Th1/Th2 response
or an aberrant activation of T cells is the
major etiologic factor. (Blood. 2007;109:
1095-1102)
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Introduction

Studies over the past 20 years have described the anti-inflammatory
activities of the glucocorticoid (GC)-regulated protein annexin-1
(Anx-A1).12 In vivo, Anx-Al acts an endogenous down-regulator
of inflammation in cells of the innate immune system: for instance,
externalized on the cell surface of adherent/activated neutrophils, it
blocks their interaction with endothelial cells.>* Similarly, treat-
ment of animals with exogenous recombinant Anx-Al reduced
neutrophil adhesion and emigration and inhibited the inflammatory
reaction by affecting local leukocyte recruitment.!? In most
instances, the actions of Anx-Al appear to be autocrine in nature;
that is, the protein, initially localized in the cytoplasm of resting
cells, is rapidly externalized on the cell surface or released into the
extracellular milieu upon cell activation (for reviews, see Gerke et
al® and Kamal et al®). Recent findings have shown that Anx-Al
(and its N-terminal-derived bioactive peptides) mediate their
biologic effects through members of the formyl peptide receptor
(FPR) family”:8; G-protein—coupled receptors used by the bacte-
rial-derived product fMLP and an array of endogenous media-
tors to control leukocyte activation and trafficking.® By direct
binding and activation of one member of this family, FPRL-1,
Anx-Al exerts its counterregulatory actions on neutrophil extrava-
sation and innate immunity.'°

Studies on the expression of Anx-Al in human and mouse
leukocytes have shown that this protein is expressed at higher
levels in cells of the innate immune system such as neutrophils,
monocytes/macrophages, and mast cells as compared with cells of
the adaptive immune response such as T and B lymphocytes.o11-13
However, in a previous study we observed a consistent and
significant increase in the level of Anx-Al in extravasated lympho-

cytes. In addition, contrary to peripheral blood, where only 50% of
lymphocytes express Anx-Al, all extravased lymphocytes were
positive for this protein.'* These findings, together with other
reports showing a high level of Anx-Al in the inflammatory fluids
obtained from experimental animal'®!3 or clinical samples,'®!7
prompt us to investigate whether Anx-A1 might play a role in the
regulation of the adaptive immune response.

Stimulation of T lymphocytes through the T-cell receptor (TCR)
elicits broad responses required for proper immune function,
including cell proliferation, cytokine production, and apoptosis.
Studies on the generation of distinct cytokine-producing CD4*
T-lymphocyte subsets have shown that this process is influenced by
a number of factors, including cytokines present in the priming
microenvironment, antigen-presenting cell type, and the amount of
priming antigen.!'®!® Th1 cells produce IFN-y, which is a key
mediator of cellular immunity. In contrast, Th2 cells produce 1L-4,
IL-5, IL-10, and IL-13, which assist humoral immunity and
dominate immune responses to both helminths and allergens.?*2! A
current challenge in immunology is the identification of the factors
and molecular mechanisms behind the “decision” of the immune
system whether to mount a cellular or a humoral immune response.
Understanding mechanisms regulating T-cell signaling is important
for identifying new therapeutics that target Th1- and Th2-mediated
pathologies such as rheumatoid arthritis and asthma.

In this study, we examined the effect of Anx-Al on T-cell
activation and differentiation and have also started the investiga-
tion of the possible implications for development of autoimmune
diseases in rodents and humans. Our results show that Anx-Al
increases T-cell activation and favors their differentiation in Thl
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cells by modulating the strength of TCR signaling, thereby being a
novel molecular link between innate immunity and development of
a proper acquired immune response.

Patients, materials, and methods

Reagents

Anti-mouse CD3 (clone 145-2C11), anti-mouse CD28 (clone 37.51),
anti-human CD3 (clone OKT3), anti-human CD28 (clone CD28.2),
PE-conjugated anti-CD69 (clone H1.2F3), FITC-conjugated anti-CD25
(clone PC61.5), murine IL-2, IL-4, IFN-v, IL-12, anti-IL-4 (clone 11B11),
and anti—-IFN-y (clone XMG1.2) were purchased from eBioscience (Wem-
bley, United Kingdom). Anti-human FPRL-1 (clone 6C7-3-A) was a
generous gift from Dr D. Henderson (Astrazeneca, Loughborough, United
Kingdom). Antibodies against both phosphorylated and total ERK and Akt
were purchased from Cell Signaling Technology (Beverly, MA). Endotoxin-
free human recombinant Anx-A1 (hrAnx-A1) was prepared as described.??
In some experiments, we used denatured hrAnx-Al (heat-inactivated at
95°C for 5 minutes) as positive control. Unless otherwise specified, all the
other reagents were from Sigma-Aldrich (St Louis, MO).

Mice

C57/BL6 and DBA/1 male mice were obtained from Charles River
Laboratories (Wilmington, MA). All mice used in these studies were
between 6 and 8 weeks old. Animal work was performed according to
United Kingdom Home Office regulations (Guidance on the Operation of
Animals, Scientific Procedures Act 1986) and along the directives of the
European Union.

Patients

All patients gave written informed consent in accordance with the
Declaration of Helsinki, and the study was approved by the ethics
committee of the host institution. All patients fulfilled 1987 American
Rheumatism Association criteria for rheumatoid arthritis (RA) and had
established disease.?? Seven of these 9 patients were female, the median age
was 55 years (range, 47-84 years), and median disease duration was
10 years (range, 2-28 years). Seven patients were rheumatoid-factor
positive. All patients were taking disease-modifying antirheumatic drugs
(methotrexate, n = 5; methotrexate and sulfasalazine, n = 2; sulfasalazine,
n = 1; and hydroxychloroquine, n = 1). Controls were sex- and age-
matched with the patients with RA (4 female, 1 male; median control age,
58 years; range, 50-67 years).

Isolation of cells from patients

Peripheral blood mononuclear cells (PBMCs) were prepared from periph-
eral blood using Ficoll density centrifugation (Ficoll-Paque Plus; Amer-
sham Biosciences, Freiburg, Germany). CD4* cells were selected from
peripheral blood using positive selection. Briefly, peripheral blood was
subjected to Ficoll density centrifugation (Ficoll-Paque Plus; Amersham
Biosciences). Adherent cells were removed from the mononuclear cells by
adherence to serum-coated plastic. Nonadherent cells were incubated with
mouse anti-human CD4 antibody (RFT4), washed in buffer (phosphate-
buffered saline [PBS], 0.5% bovine serum albumin [BSA], 2 mM EDTA pH
7.2) and incubated with goat antimouse antibody conjugated to a magnetic
bead (Miltenyi Biotec, Auburn, CA). Cells were run through a MACS
column (Miltenyi Biotec) and CD4* cells were collected. The purity of the
cells was assessed by flow cytometry. The median percentage of CD3*
CD47" cells following the 10 depletions was 98% (range, 97%-99.3%).
Remaining cells were resuspended in lysis buffer (Ambion, Huntingdon,
United Kingdom).

Cell culture

Primary murine T cells were prepared from lymph nodes by negative
selection. Briefly, axillary, inguinal, and mesenteric lymph nodes were
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teased apart to make a single cell suspension, then washed and layered over
Ficoll. The buffy coat was washed 2 times and then incubated with the
antibody mix and the magnetic beads following the manufacturer’s
instructions (mouse T-cell negative isolation kit; Dynal, Bromborough,
United Kingdom). In some experiments, cells were further purified to
obtain naive CD62L" CD4* T cells by using the Miltenyi Biotec CD62L*
CD4* T-cell isolation kit. ThO conditions were created by T cells for 4 days
in 6-well plates precoated with anti-CD3 (5 pg/mL) and anti-CD28
(5 pg/mL) in complete RPMI medium (10% fetal calf serum [FCS], 2 mM
L-glutamine, and 100 units mL~' gentamycin) containing murine IL-2
(20 U/mL). Th1 conditions were created with murine IL-12 (3.4 ng/mL;
eBioscience), IL-2 (20 U/mL; eBioscience), and anti-IL4 (clone 11B11;
2 pg/mL). Th2 conditions were created with IL-4 (3000 U/mL; Peprotech,
Rocky Hill, NJ), IL-2 (20 U/mL), and anti-IFN-y (clone XMGI.2;
2 wg/mL). Jurkat cells were obtained from ATCC (Manassas, VA) and were
cultured in complete RPMI medium.

Flow cytometric analysis

Purified lymph node T cells were pretreated with human recombinant
Anx-Al for 2 hours at 37°C in Eppendorf tubes and then stimulated with
plate-bound anti-CD3 and anti-CD28 as indicated in the figures. After
16 hours, the cells were stained with PE-conjugated anti-CD69 (clone
H1.2F3) and FITC-conjugated anti-CD25 (clone PC61.5) diluted in FACS
buffer (PBS containing 1% FCS and 0.02% NaN,). Intact cells were gated
by using forward and side scatter and were analyzed with the CellQuest
program (Becton Dickinson, Franklin Lakes, NJ) on a FACScan flow
cytometer. To analyze FPRL-1 expression, human peripheral blood T cells
were stimulated with plate-bound anti-CD3 and anti-CD28 for different
times and thereafter stained with mouse anti-human FPRL-1 (clone
6C7-3-A; 5 pg/mL), followed by FITC-conjugated antibody.

Cell proliferation assay

Purified lymph node T cells (10° cells/mL) were incubated with medium
alone or with different concentrations of hrAnx-Al for 2 hours at 37°C
in Eppendorf tubes. Thereafter, aliquots of 200-n.L cell suspension were
stimulated by plate-bound anti-CD3 and anti-CD28 for 24 hours in
96-well plates. After 18 hours, cultures were pulsed for 8 hours with
1 nCi (3.7 X 10* Bg) [*H]-thymidine (Amersham Pharmacia Biotech,
Piscataway, NJ) and incorporated radioactivity was measured by
automated scintillation counter (Packard, Instruments, Pangbourne,
United Kingdom).

Plasmids, transfection, and luciferase assay

The nuclear factor-k B (NF-«kB) reporter plasmid pBIIx was kindly provided
by Prof Sankar Ghosh (Yale University, New Haven, CT). The activator
protein-1 (AP-1) and nuclear factor of activated T cell (NFAT) reporter
plasmids, pAP-1-luc and pNFAT-luc, were obtained from Stratagene (La
Jolla, CA). Renilla luciferase plasmid was used in all the experiments to
normalize the efficiency of the transfection. Transient transfection of Jurkat
cells was performed as previously described.?* Briefly, on the day of
transfection, 5 X 10 cells were plated in 2 mL in each well of a 6-well plate
prior to incubation with DNA-Fugene 6 (Roche, Minneapolis, MN)
complexes according to the manufacturer’s instructions using a total of 3 pug
DNA and 9 pL Fugene 6. At 40 to 48 hours after transfection, cells were
resuspended in 1 mL media and then stimulated with plate-bound anti-CD3
plus anti-CD28 for 4 to 6 hours. Following stimulation, cells were lysed in
100 pL reporter lysis buffer (Promega, Madison, WI) for 10 minutes on ice.
Debris were removed by centrifugation at 13/285g (13 000 rpm) for 5 minutes at
room temperature. Luciferase activity was measured using 20 pL lysate.
Fold stimulation was calculated for each sample by dividing the normalized
luciferase activity by that observed in the unstimulated sample.

Cytokine ELISA

For Th1/Th1 cytokine production analysis, Th0/Th1/Th2 cells (10%/mL) obtained
after 4-day differentiation in skewing conditions and 1 day of resting in complete
RPMI medium were stimulated with plate-bound anti-CD3 (5 pg/mL) for
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8 hours in 24-well plates. Culture supernatants were collected and analyzed for
IFN-y, IL-2, IL-4, and IL-10 content by using a Th1/Th1 panel enzyme-linked
immunosorbent assay (ELISA) kit (eBioscience).

Electromobility shift assays

Nuclear extracts were harvested from 3 X 109 to 5 X 10° cells according to
previously described protocols.”> Nuclear extracts (3 pg to 5 pg) were
incubated with 1 pg (for NFAT) or 2 pg (for NF-kB and AP-1) of poly
(dI:dC) in 20 pL binding buffer with 3P end-labeled, double-stranded
oligonucleotide probes (5 X 10° cpm), and fractionated on a 6% polyacryl-
amide gel (29:1 cross-linking ratio) in 0.5% TBE for 2.5 hours at 150 V. The
NF-«kB and AP-1 binding buffer (10X) contained 100 mM Tris-HCI, (pH
7.5), 500 mM NaCl, 10 mM EDTA, 50% glycerol, 10 mg/mL albumin,
30 mM GTP, 10 mM DTT. The NFAT binding buffer (10X) contained 100
mM Hepes (pH 7.9), 500 mM KCl, 1 mM EDTA, | mM EGTA, 50%
glycerol, 5 mg/mL albumin, 1% Nonidet P-40, 10 mM DTT. The NF-«B
and AP-1 double-stranded oligonucleotide probes were from Promega and
the NFAT was from Santa Cruz Biotechnology (Santa Cruz, CA).

RT-PCR analysis

Total RNA was extracted from treated or differentiated cells with Quiaquick
mini spin columns (Qiagen, Valencia, CA) according to the manufacturer’s
protocol. Real-time polymerase chain reaction (PCR) was carried out by
using TagMan Universal PCR master mix and fluorescent primers obtained
from the Applied Biosystems (Foster City, CA) web site (Assay-on-demand
Gene Expression products). Cycling conditions were set according to the
manufacturer’s instructions. A sequence-specific fluorescent signal was
detected by an ABI Prism 7700 Sequence Detector System (Applied
Biosystems). mRNA data were normalized relative to GADPH or 18S RNA
and then used to calculate expression levels. We used the comparative Ct
method?® to measure the gene transcription in samples. The results are
expressed as relative units based on calculation of 2-2ACt, which gives the
relative amount of gene normalized to endogenous control (GADPH) and to
the sample with the lowest expression, set as 1. For the expression of
Anx-Al in human samples (healthy volunteers and patients with RA) we
also used a homemade calibrator sample, which was a plasmid (pcDNA3.1)
expressing human Anx-Al.

Western blotting analysis

Lymph node T cells were incubated as indicated in the figures. After
incubation at 37°C for various time periods, cells were lysed in ice-cold
lysis buffer (1% NP-40, 20 mM Tris pH 7.5, 150 mM NaCl, 1 mM MgCl,,
1 mM EGTA, 0.5 mM PMSF, 1 pM aprotinin, 1 uM leupeptin, 1 pM
pepstatin, 50 mM NaF, 10 mM NasP,0;, and 1 mM NaVO4, | mM
B-glycerophosphate). The cell lysates were centrifuged at 13/226g (13 000)
rpm for 5 minutes at 4°C and the supernatants were collected and subjected
to electrophoresis on SDS-10% polyacrylamide gel. After transfer, the
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membranes were incubated overnight with antibodies diluted in Tris-
buffered saline solution containing Tween-20 (TTBS: 0.13 M NaCl;
2.68 mM KCI; 0.019 M Tris-HCI; 0.001% vol/vol Tween-20; pH 7.4) with
5% nonfat dry milk at 4°C. For the experiments with anti-pERK1/2 and
anti-Akt, the TTBS buffer was supplemented with 50 mM NaF and bovine
serum albumin (5%) was used instead of milk. For each condition, extract
equivalents obtained from the same number of cells were used. Inmunoblot-
ting and visualization of proteins by enhanced chemiluminescence (ECL;
Amersham Pharmacia Biotech) were performed according to the manufac-
turer’s instructions. To obtain cytosolic and membrane fractions, cells were
first collected and washed in ice-cold PBS and then centrifuged briefly for
2 minutes at 300g. The resultant cell pellet was lysed in lysis buffer (20 mM
Tris-HCI, pH 7.5; protease inhibitors as listed in the lysis buffer) and passed
through a 25-gauge needle at least 5 times to ensure sufficient lysis. The
suspension was then centrifuged for 2 minutes at 300g, the supernatant
collected, and centrifuged again for 45 minutes at 800g (4°C). At this stage
the supernatant (cytosolic fraction) was collected and the pellet (membrane
fraction) resuspended in lysis buffer containing 1% (vol/vol) Triton X-100.
All fractions were kept on ice throughout the experiments.

Results
Annexin-1 increases the strength of TCR signaling

Addition of hrAnx-Al1 to naive lymph node T cells stimulated with
plate-bound anti-CD3 and anti-CD28 (anti-CD3/CD28) induced a
concentration-dependent increase in cell proliferation and IL-2
production (Figure 1A-B). This effect was significant when subop-
timal doses of anti-CD3/CD28 were applied, whereas it was not
observed when cells were incubated with hrAnx-A1 alone or with
denatured (heat-inactivated at 95°C for 5 minutes) hrAnx-Al
(Figure S1A-B, available on the Blood website; see the Supplemen-
tal Figure link at the top of the online article). To further investigate
the effect of hrAnx-Al on T-cell activation we tested its effect on
the up-regulation of the T-cell activation markers CD25 (IL-2
receptor a chain) and CD69. Coincubation with hrAnx-Al in-
creased the number of CD25% and CD69™ cells (Figure 1C) and
this effect was again magnified in cells exposed to suboptimal
concentrations of anti-CD3/CD28 (Figure 1D). These conditions
were selected for subsequent experiments.

To identify the molecular mechanism(s) responsible for the
action of Anx-A1l on T-cell activation, we next analyzed the effect
of hrAnx-Al on the activation of 3 major transcription factors,
namely nuclear factor-k B (NF-kB), nuclear factor of activated T
cells (NFAT), and activator protein-1 (AP-1).?7 Pretreatment of T
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Figure 1. Effect of hrAnx-A1 on T-cell activation. (A) ® i z
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presence of different concentrations of hrAnx-A1 for § 0000 o
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cells with increasing concentrations of hrAnx-Al induced a
concentration-dependent increase in the activation of all 3 transcrip-
tion factors tested (Figure 2A). These results were also confirmed
by transfecting Jurkat T cells with NF-kB, NFAT, or AP-1 reporter
constructs. As shown in Figure 2B, preincubation of cells with
hrAnx-A1 before stimulation with a high concentration of anti-CD3/
CD28 did not induce any significant modulatory effect, but
application of an intermediate concentration of anti-CD3/CD28
revealed a significant increase in luciferase activity as compared
with control cells. Incubation of cells with hrAnx-Al alone did
not induce any significant effect (data not shown). Together
these results indicate that Anx-A1 acts as molecular “tuner” of
TCR signaling.

Annexin-1 receptor expression in T cells

To understand the molecular mechanism by which hrAnx-Al
increases T-cell activation, we determined whether T cells ex-
pressed the receptor for this protein. Analysis of FPRL-1 in
unstimulated Jurkat cells and human peripheral blood T cells
(PBTs) by RT-PCR demonstrated no or a low level of expression
for this receptor. However, when cells were stimulated with
anti-CD3/CD28 we observed a significant increase in mRNA
expression for FPRL-1 within 3 hours of stimulation (data not
shown). Interestingly, analysis of human FPRL-1 expression by
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Figure 2. Anx-A1 increases the strength of TCR signaling. (A)
NFAT Electrophoretic mobility shift assay showing the effect of hrAnx-A1
on anti-CD3/CD28 (1.25p.g/mL)—induced AP-1, NF-«kB, and NFAT

Ij:l activation in T cells. Results are representative of 3 separate
experiments with similar results. (B) Jurkat T cells were transfected

+ o+ o+ o+
150 300 600

with pAP-1-luc, pNF-kB-luc, and pNFAT-luc reporter constructs
(3.0 ng) for 24 hours. Thereafter, cells were stimulated with the
indicated concentrations of anti-CD3/CD28 in the presence or
absence of hrAnx-A1 for 6 hours and then lysed to measure the
NFAT luciferase activity. Values are the mean *+ SE of 3 experiments in
triplicate. **P < .01.

1 1025025
+ - 4+

flow cytometry demonstrated that stimulation with anti-CD3/CD28
induced a concentration-dependent externalization of FPRL-1 as
early as 30 minutes after activation (Figure 3A) followed by a
stable steady-state surface expression over 6 hours (Figure 3B).

A similar pattern of expression was observed for endogenous
Anx-Al. Analysis of Anx-Al distribution in human resting T cells
demonstrated that the protein is evenly distributed between the
cytosolic and membrane fractions (Figure 3C, top panel). However,
when cells were stimulated with anti-CD3/CD28, accumulation of
Anx-Al at the membrane compartment was observed (Figure 3C,
bottom panel). After translocation to the membrane, the protein is
exported to the outer side of the membrane and then released to the
extracellular milieu by an as-yet-unidentified mechanism.> Consis-
tent with this model, stimulation of PBTs with anti-CD3/CD28
markedly increased the release of Anx-Al in culture supernatants
(Figure 3D, bottom panel) compared with control unstimulated
cells (Figure 3D, top panel). Together these results show that
stimulation of T cells via the TCR leads to the secretion of
endogenous Anx-A1 and simultaneous externalization of its recep-
tor on the plasma membrane. To understand whether exogenously
added hrAnx-Al activates FPRL-1 in T cells, we analyzed 2
well-known downstream signaling pathways activated by this
receptor, namely ERK and PKB/Akt.?® Incubation of T cells with
hrAnx-Al alone at any concentration tested did not activate either

A 0.25pg/mL 0.5ug/mL 1opgimt G Cyt Mem
= | 1B:
) - . - FPRL 1 § 8 amj-cnm'cmaE RS
Figure 3. Activation of T cells induces the externalization of ; |
FPRL-1 and Anx-A1. (A) FACS analysis of FPRL-1 expression in okt rra g s = o =% h

human peripheral blood T cells incubated with medium alone
(white) or stimulated with the indicated concentrations of anti-CD3/ B
CD28 (gray). Results are representative of 3 separate experi-
ments. (B) FACS analysis of FPRL-1 expression over time in

unstimulated (white) or anti-CD3/CD28 (2.0 pg/mL)-stimulated
(gray) human peripheral blood T cells. Results are representative
of 3 separate experiments. (C) Western blot analysis of Anx-A1

FPRL-1

levels in the cytosolic (Cyt) and membrane (Mem) fractions of 2
human peripheral blood T cells stimulated with anti-CD3/CD28

(1.0 pg/mL) for 30 minutes. (D) Immunoprecipitation and immuno- E

blotting analysis of Anx-A1 levels in the culture supernatants of

1h 3n 6h
5 : . Anx-A1
P [\ P i# . 1B:
o = o B i i M) oW o W 1 3 h
5 30 60 5 30 60 (min) 0 5 3060 5 30 60 (min)

human peripheral blood T cells stimulated with and without 0
anti-CD3/CD28 (1.0 wg/mL) for 1 or 3 hours. (E, F) Western blot
analysis of total and phospho Erk and Akt of human peripheral

ERK1
I ..---.lzgenm I— ---—..dl—pm

blood T cells stimulated with anti-CD3/CD28 (1.0 pg/mL) in the
presence or absence of hrAnx-A1 (300 nM) for the indicated time.

-—ERK1
e B
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In all the experiments, results are representative of 3 separate
experiments with similar results.
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ERK or PKB/Akt (data not shown). Stimulation of T cells with
anti-CD3/CD28 led to phosphorylation of ERK and PKB/AKkt,
detectable within 5 minutes and resolved within 90 minutes.
Treatment of cells with hrAnx-A1l did not induce any effects on
either ERK or Akt during the early phase of activation (5 minutes)
whereas it induced a stronger TCR-induced phosphorylation of
both ERK and Akt at 30 and 60 minutes (Figure 3E-F), time points
consistent with the kinetics of FPRL-1 appearance on the cell
surface (Figure 3B).

Annexin-1 modulates Th1/Th2 differentiation

The important role of the strength of TCR signaling in influencing
T-cell lineage commitment to Th1l or Th2 effector cells is well
accepted (reviewed in Leitenberg and Bottomly'?). In fact, in vitro
studies have demonstrated that stimulation of naive T cells with a
strong agonist peptide causes Thl differentiation, whereas cells
interacting with a low avidity peptide are induced to develop into
Th2 cells.?*-32 Because we demonstrated that Anx-A1 increased the
strength of TCR signaling, we reasoned that Anx-Al might
determine potential changes in the balance between Th1 or Th2 cell
differentiation. To test this possibility, we first examined the effect
of hrAnx-Al on naive T cells differentiated in neutral conditions
(ThO; see “Patients, materials, and methods”), an experimental
setting in which T-cell differentiation is driven only by the strength
of TCR signaling. Naive cells were cultured with increasing
concentrations of hrAnx-Al for 4 days and thereafter restimulated
with anti-CD3 to stimulate the production of Th1/Th2 cytokines. T
cells differentiated in the presence of hrAnx-Al produced higher
levels of IL-2 and IFN-vy and lower levels of IL-4, compared with
control cells (Figure 4A). Furthermore, analysis of the 2 major
transcriptional switches in Thl or Th2 differentiation, T-bet and
GATA-3, respectively,® by real-time PCR supported the results
obtained with the cytokine production and showed that cells
differentiated in the presence of hrAnx-A1l expressed a higher
level of T-bet and a lower level of GATA-3, as compared with
control cells (Figure 4B). Finally, differentiation of naive cells in
Thl or Th2 skewing conditions confirmed the results obtained in
neutral ThO conditions with a more pronounced Thl phenotype
being measured after a 5-day culture in the presence of hrAnx-Al
(Figure 5).
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Figure 4. Effect of Anx-A1 on differentiation of naive cells in effector cells in ThO
condition. (A) Th1/Th2 cytokine production profile of naive lymph nodes T cells
differentiated in vitro in ThO condition in the presence or absence of the indicated
concentrations of hrAnx-A1 and then restimulated with plate-bound anti-CD3 (5.0
ng/mL) for 8 hours. Values are the mean + SE of 4 to 5 mice. *P < .05; **P < .01. (B)
Analysis of T-bet and GATA-3 expression by real-time PCR in cells differentiated in
ThO conditions in the presence or absence of the indicated concentration of hrAnx-A1
for 4 days. Values are the mean = SE of 3 to 4 mice. **P < .01.
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Figure 5. Effect of hrAnx-A1 on differentiation of naive cells in effector cells in
Th1 or Th2 conditions. Naive lymph node T cells were differentiated in vitro in Th1
(M) or Th2 ([]) condition in the presence or absence of the indicated concentrations of
hrAnx-A1 and then restimulated with plate-bound anti-CD3 (5.0 wg/mL) for 8 hours to
measure Th1 (top graphs) or Th2 (bottom graphs) cytokine production. Values are the
mean * SE of 4 to 5 mice. **P < .01.

In vivo relevance of annexin-1 modulation of T-cell activation

To test the effect of Anx-A1l on Thl differentiation in vivo, we next
analyzed the effect of hrAnx-Al in a mouse model of immune-
mediated inflammatory disease, collagen-induced arthritis (CIA).
We administered hrAnx-Al to mice immediately after immuniza-
tion with collagen, and twice a day for 12 days. This protocol was
selected because during this early phase of the CIA model, T cells
acquire the Thl phenotype characteristic of the disease.’*3 The
group of mice treated with hrAnx-Al displayed increased paw
volumes and severity of the clinical signs as determined after its
onset on day 22 (Figure 6A, left and right panels, respectively).
Furthermore, we found an increased number of cells in the lymph
node of mice treated with hrAnx-Al both at 12 days after
immunization and at day 3 after disease onset. Similarly, when we
measured the production of IFN-y from these cells upon collagen
stimulation in vitro, we observed a significant increase in the level
of this cytokine in lymph node cells from Anx-Al-treated animals
compared with the controls (Table 1).

Finally, to explore the clinical relevance of our findings, we
determined Anx-A1 expression in T cells from patients with active
rheumatoid arthritis (RA). To this end, we quantified Anx-Al
mRNA and protein expression in CD4 " cells from patients with RA
and healthy volunteers and found higher levels of this protein in
patients with RA (Figure 6B-C).

Discussion

Numerous studies over the past few years have shown that T cells
can mount qualitatively different responses, depending on a
number of factors present in the microenvironment, including the
context of antigen recognition, the affinity of the TCR-ligand
binding, and hierarchy of activation threshold. This theory of
“tunable activation threshold” suggests that the TCR does not act as
a simple on/off switch, but rather it is able to convey subtle changes
in its ligand affinity into different signaling events, leading to
different phenotypic outcomes.?¢-38 How the different “strength” of
TCR signaling is translated in different gene programs, and the
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A Figure 6. Anx-A1 and T cells in arthritis. (A) Paw
volume and clinical score of DBA mice treated with PBS
5 15 —=PBS (100 L) or hrAnx-A1 (1 ug subcutaneously twice a day)
g g e Anx-A1 for 12 days during the immunization phase of the CIA
= 50 § 10 model. Synchronization of disease onset was obtained
5 3 by boosting with collagen on day 21, with clinical signs
S = being evident from day 22 (day 1 of the onset of the
25 o 5 . .
diseases). Values are the mean + SE of 6 to 8 mice.
Groups were compared using the Mann-Whitney test.
0 0 *P < .01. (B) Analysis of Anx-A1 expression in CD4*
cells of healthy control volunteers (HC) or patients with
rheumatoid arthritis (RA). The median values are indi-
cated by horizontal lines and P values of the Mann-
Whitney test are shown. *P < .01. (C) Western blot
HC RA analysis of Anx-A1 and B-actin levels in CD4* cells of
B S — — === —amee | IB: Anx-a1 healthy control volunteers (HC) or patients with rheuma-
toid arthritis (RA). Results are representative of 5 differ-
= | IB:B-Actin  ont HCs or patients with RA. The bars represent the
2 0.8 mean ratio = SE of the optical density (OD) of Anx-A1
k] E *k and B-actin bands from 5 different individuals. **P < .01.
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nature of the molecular events underlying these effects, is a field of
intense research.

Our results suggest that Anx-Al is a novel regulator of TCR
signaling, acting as molecular tuner of T-cell activation and
subsequent differentiation in Th1/Th2 cells. Very few studies have
investigated Anx-Al biology with respect to T-cell function, or
even adaptive immunity. In the present study, we show that
incubation of T cells with exogenous hrAnx-A1l exerts an additive
effect on TCR-mediated activation of both the ERK/MAPK and
Akt/PKB pathways via FPRL-1. These results are consistent with
other studies showing that stimulation of FPRL-1 by other agonists
such as serum amyloid A, correlates with activation of the
ERK/MAPK and NF-«kB pathways.3#0 Interestingly, this occurred
within the same time frame as FPRL-1 externalization, directly
linking the effects of hrANX-A1 to the mobilization of its receptor
on the cell surface. Furthermore, the kinetics of these phenomena
suggest that the biologic function of this pathway is to integrate the
early TCR-initiated events, by activating signaling pathways that
have been shown to increase the strength of TCR signaling.2>4!1:42
These findings provide a mechanistic explanation for the positive
effect of Anx-Al on T-cell activation and proliferation. A dated
study reported an involvement for endogenous Anx-Al in mediat-
ing the antiproliferative effects of glucocorticoids on mononuclear
cells, a fact that is opposite to our results.*> However, use of a
mixed population of lymphocytes and monocytes is clearly a major
confounding factor, making it difficult to dissect biologic relevant

actions when multiple mechanisms could be operative and cell
types could be targeted. The data presented here have been
produced in much more controlled conditions, and are supported by
several functional and molecular end points, all indicating Anx-A1
as anovel positive modulator of T-cell activation and differentiation.
It is noteworthy that a pattern responsible for bringing about the
modulatory actions of Anx-Al on leukocyte emerges again, with
preactivation of the target cell being a prerequisite; in T cells this
was attained by anti-CD3/CD28, causing rapid mobilization of
both ligand and receptor on the cell surface, whereas in cells of
innate immunity (eg, the neutrophil), adhesion to endothelial
represents the activating stimulus.** Autocrine/paracrine actions of
Anx-Al are therefore a common feature for each cell type
susceptible to the homeostatic actions of this mediator.
Rheumatoid arthritis (RA) is an inflammatory autoimmune
disease that is characterized by the destruction of joint cartilage and
inflammation of the synovium. T cells are the dominant cell type in
the synovial infiltrate of patients with RA. Current understanding
of RA suggests that Thl cells that are specific for a particular
antigen (which has yet to be identified) are present in the joints of
people with RA.# Recent studies, however, have focused on the
possibility that T cells have an alternative role besides antigen
recognition in the joints. It has in fact been suggested that abnormal
T-cell development and differentiation occurs in RA and that
autoimmunity could be caused by the inappropriate development
and maturation of T cells. It is now known that naive T cells in

Table 1. In vivo treatment with hrAnx-A1 increases collagen-induced Th1 response

Pre-onset, d 12

D 3 of arthritis

IFN-y production by cultured lymph node cells, pg/mL

IFN-y production by cultured lymph node cells, pg/mL

Cell count, x 108 Medium cll Cell count, x 108 Medium cll
Control 1.19 = 0.21 <20 504 = 112 9.7 £ 0.57 <20 1742 + 224
Anx-A1 3.09 = 0.77* <20 1254 + 195* 18.4 £ 2.31* <20 3984 + 765*

DBA mice were treated with PBS (100 pL) or hrAnx-A1 (1 g subcutaneously) twice a day for 12 days. Animals were killed 12 days after the immunization (pre-onset, day
12) or at day 3 after the onset of the disease (day 3 of arthritis) and the total number of inguinal lymph node cells was counted. In another set of experiments, cells (2 x 108/mL)
were cultured with (ClI) or without (medium) collagen (50 pg/mL) and the levels of IFN-y were measured after 72 hours of culture. Values are mean + SE of 6 to 8 mice.

*P<.01.
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patients with RA have atypical phenotypes including abnormal cell
proliferation and a reduced threshold for activation.*

Our results show that administration of hrAnx-Al during the
immunization phase of the CIA increase the further development of
the signs and symptoms of arthritis. Furthermore, analysis of
Anx-Al expression in T cells demonstrated higher levels of
expression in patients with RA compared with those in healthy
control volunteers. These findings are only in apparent contrast
with the augmented arthritic response described in Anx-A1-null
mice.*’ Apart from the different etiology and kinetics of the 2
models employed (CIA here, and antigen-induced arthritis in
Yang et al*’), the fact that Met-BSA induced joint arthritis has
been suggested to be predominantly a Th2-driven response*
would be consistent with the working model here put forward,
that is Th2 skewing of T-cell differentiation in the absence of
Anx-Al. Rederivation of the Anx-Al-null mouse colony on the
appropriate background would allow the study of the potential
role of endogenous Anx-Al in the CIA model, a plan for future
investigations.

Finally and most interestingly, the concentrations of hrAnx-Al
used in this study are comparable to those found in other studies
where increased Anx-Al levels in inflammatory fluids and lympho-
cytes during immune-mediated inflammatory reactions have been
reported.'##30 Therefore, it is possible to hypothesize that the
increased expression of Anx-Al found in T cells from patients with
rheumatoid arthritis might contribute to the Th1 profile characteris-
tic of this disease. Furthermore, if we consider the different effects
of Anx-Al on the innate and adaptive immune response, it is
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possible to hypothesize that the promotion of a protective Thl
immune response by Anx-Al might contribute to the anti-
inflammatory effects of this protein in the resolution of inflammation.
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