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Summary 

In line with current views on the role played by cells of the adaptive immune response we 

have investigated here the profile of the endogenous anti-inflammatory annexin 1 protein 

(Anx-A1) and the formyl peptide receptor like-1 (FPRL-1) mobilization in the lymphocytes 

during rheumatoid arthritis (RA).  Cell quantification and TNF-α and IL-10 levels were carried 

out in the peripheric blood during the on-going inflammatory reaction, the active or remissive 

RA. To evaluate the subcellular expression of Anx-A1 and FPRL-1 during RA, human 

peripheral blood lymphocytes were analyzed by postembedding immunogold labeling. The 

circulating lymphocytes were quantified and we have shown that there was no difference in 

the number of these cells between active or remissive RA patients. The levels of TNF-α and 

IL-10 were similar for both studied groups. Anx-A1 and FPRL-1 expression was highly 

detected in the lymphocytes of active RA patients throughout the cytosol, with a significant 

proportion being observed also in the nucleus, in comparison with the remissive RA. Double-

staining demonstrated some co-localizations between the two antigens in circulating 

lymphocytes. The data presented here provides in vivo evidence that endogenous Anx-A1 

plays a role during the active RA process that may be correlated to FPRL-1 activity. 
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Introduction  

Rheumatoid arthritis (RA) is a systemic autoimmune disorder characterized by chronic 

destructive synovitis, pain, functional disability and increased mortality [1, 2]. Several 

studies in defined populations estimate the prevalence as being between 0.5 and 1.0% in 

adults [3, 4]. One of the most important recent changes in the treatment of patients with 

RA has been the recognition that early therapy is critical. Therefore, treatment with 

disease-modifying antirheumatic drugs (DMARDs) and glucocorticoids (GCs) is 

commonly used and should be started as early as possible for all RA patients with active 

disease, with the goal of achieving the lowest possible level of disease activity and, if 

possible, remission [5]. A variety ofbiologics like both blocking TNF and depleting B cells 

are also effective therapeutic strategies that have been recently described in RA [6]. 

Autoimmune diseases have attracted a rich pipeline of promising therapies targeting an 

array of cell surface molecules, soluble mediators, and intracellular proteins relevant to 

the function of immune cells [7]. Studies conducted with full-length anti-inflammatory 

annexin 1 protein (Anx-A1) (37-kDa protein), bioactive peptides derived from its N-

terminal sequence (unique in the annexin superfamily of proteins) [8] and passive 

immunization strategies [9-11] have provided us with a wealth of evidence showing that 

Anx-A1 is a homeostatic endogenous anti-inflammatory mediator of the innate immune 

system [12-14]. 

Recent findings have shown that Anx-A1 (and its N-terminal–derived bioactive peptides) 

mediate their biological effects through members of the formyl peptide receptor (FPR) 

family [15, 16]. FPRs are a small group of seven-transmembrane domain, G protein-

coupled receptors that are expressed mainly by mammalian phagocytic leukocytes and 

are known to be important in host defense and inflammation [17]. Three human receptors 

of the FPR family [FPR, FPRL-1 (FPR-like 1, also called ALX because it is a functional 

transducer of the anti-inflammatory signal of lipoxin A4) and FPRL-2 (FPR-like 2)] could 

be activated with the peptide Ac2-26 and other N-terminal-derived sequences of AnxA1 
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[18] and also an extraordinarily numerous and structurally diverse group of agonistic 

ligands, including N-formyl and nonformyl peptides of different composition, that 

chemoattract and activate phagocytes. By direct binding and activation of one member of 

this family, FPRL-1, Anx-A1 exerts its counterregulatory actions on neutrophil 

extravasation and innate immunity [19]. Emerging evidence over the last five years has 

shown that Anx-A1 exerts a dual function on the innate and adaptive immune systems 

[20, 21]. 

In the innate immune system, endogenous AnxA1 plays a homeostatic anti-inflammatory 

role that controls events occurring at the very early stage of the inflammatory process 

[22]. In AnxA1-null (Anx-A1-/-) mice, the zymosan-induced peritonitis was exaggerated 

(∼40% at 4 h), with increased granulocyte migration and cytokine production [23]. 

However, recent investigations into the role of this protein in the adaptive immune 

response have revealed a previously unknown ‘dark side’ as a positive modulator of T 

cell activation [24]. Most interestingly, it was also found that Anx-A1 plays an unpredicted 

proinflammatory role in chronic autoimmune diseases. Administration of human 

recombinant Anx-A1 during the immunization phase of the collagen-induced arthritis 

model exacerbates signs and symptoms of diseases [25]. 

So far, no studies have monitored Anx-A1 distribution in lymphocytes by 

immunocytochemistry during an on-going inflammatory reaction, the active or remissive 

RA. We analyzed the lymphocytes, and assessed the subcellular localization of Anx-A1 

and its receptor FPRL-1 in circulating lymphocytes. Once during RA, we detected 

differential expression of the Anx-A1 and its receptor FPRL-1 in active and remissive RA. 
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Results 

 

Lymphocyte counts in the peripheric blood 

Initially, we investigated the involvement of lymphocytes in RA by quantifying these cells in 

the peripheric blood of active and remissive patients. There were no significant count 

variations in the values of lymphocyte differential counts in either active (39.4 ± 3.5) or 

remissive (29.9 ± 5.0) RA patients; though the values during active disease were higher. 

 

Cytokine profiles 

In the plasma of active and remissive RA patients the TNF-α release was similar between the 

groups (0.13 ± 0.07; 0.07 ± 0.01, respectively). Similarly, there was no significant difference 

for the levels of IL-10 in the plasma between active (0.17 ± 0.01) and remissive (0.13 ± 0.01) 

RA patients. 

 

Ultrastructural immunocytochemistry of elements of the Anx-A1 and FPRL-1 pathway 

In this section of the study we sought to extend the analysis on lymphocytes of the peripheric 

blood by monitoring the expression of the Anx-A1 protein and its putative receptor FPRL-1 

using transmission electron microscopy. Anx-A1 and FPRL-1 expression detected by 

postembedding immunogold labeling was then realized to define the subcellular localization 

of the protein in the lymphocytes of the peripheric blood. In the active RA patients, gold 

particles were highly detected throughout the cytosol, with a significant proportion being 

observed also in the nucleus (Figure 1 A), in comparison with the remissive RA (Figure 1 B). 

Modest but reproducible staining was also detected in the plasma membrane for both 

groups.  

Circulating lymphocytes were also strongly positive for FPRL-1. Following the same 

pattern as Anx-A1 expression, the cytosol and nucleus of the active RA patients 

contained a higher amount of FPRL-1 (Figure 1 A) than the remissive groups (Figure 1 

B). 
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Double staining with LCPS1 (to detect Anx-A1) and the anti-FPRL-1 antibodies 

demonstrated some co-localizations between the two antigens in circulating lymphocytes 

(Figures 1A and B). 

Table 3 reports the quantitative data for the two antibodies as measured in 30 distinct 

lymphocytes per group (active or remissive RA patients), with the immunoreactivity 

quantified in the nucleus, cytosol, and membrane compartments, separately for Anx-A1 

and FPRL-1 or in co-localizations. 

 



PUBLICAÇÕES - 65 

 

Discussion 

 

We demonstrate here that, in human rheumatoid arthritis (RA) the endogenous anti-

inflammatory annexin 1 (Anx-A1) system has an opposite role during activation or remission 

of the disease. We have shown, for the first time, by ultrastructural analysis, that the 

expression of Anx-A1 and its receptor FPRL-1 are increased in the circulating lymphocytes 

from active arthritic patients, whereas remissive patients presented a lower degree of AnxA1 

and FPRL-1 mobilization. 

We began our study by quantifying the circulating lymphocytes from the peripheric blood of 

arthritic patients, with active or remissive disease, and we have shown that there was no 

difference in the number of these cells between the studied groups. Also the levels of TNF-α 

and IL-10 were measured and were similar for both active and remissive RA patients. Overall 

these data support the hypothesis that a methotrexate therapy, a DMARD drug used for most 

of the patients of this study, may be responsible for the altered cellular proliferation and can 

affect cytokine levels. It has been reported that methotrexate, commonly used in RA therapy 

[26], can be responsible for reducing cytokines, chemokines, rheumatoid factor levels and 

inhibiting macrophage activity and cellular proliferation [27-31]. 

Another type of drug widely adopted during RA therapy is the glucocorticoid (GC). These 

compounds are recommended mainly during the disease activity and can also be 

responsible for reducing the number of circulating lymphocytes [5]. The patients recruited for 

the present study were normally under stable doses of GC. Emerging data show that GCs 

can differentially affect the annexin A1 (Anx-A1) pathway in cells of the innate and adaptive 

immune system, in which this pathway can have opposing effects [20, 25, 32]. In our 

investigation we were able to analyze Anx-A1 subcellular localization in the circulating 

lymphocytes, cells present during the adaptive immune response, by transmission electron 

microscopy. Lymphocytes from active RA patients were found to be positive for Anx-A1, 

distributed in the nucleus, the cytosol, and some in the plasma membrane. An opposite result 

was obtained with the lymphocytes from remissive patients, revealing a lower degree of Anx-



PUBLICAÇÕES - 66 

 

A1. These data corroborated a report that showed that blood CD4+ cells from patients with 

active rheumatoid arthritis presented a marked up-regulation of Anx-A1 mRNA and protein 

levels [25]. We believe these findings indicate that Anx-A1-mediated stimulation of 

lymphocytes might be relevant to human disease. Evidence of the importance of Anx-A1 

during RA was produced when synovial T cells expressed higher levels of Anx-A1 than tonsil 

T cells from the same patient [32]. In line with these studies, it is tempting to propose that the 

dysregulated expression of Anx-A1 in T cells might contribute to the hypersensitivity of these 

cells to antigen stimulation and to the development of an overexuberant immune response in 

disease states [20]. 

As often stated, the glucocorticoid-modulated protein Anx-A1 is an endogenous mediator 

able to down-regulate the process of leukocyte extravasations, and therefore it is one of the 

mediators responsible for anti-inflammation [33, 34]. Anx-A1, as well as the peptide Anx-A1 

acetyl-2-26, induces calcium transients in human neutrophils triggering the proposal that the 

anti-inflammatory effects of these polypeptides are mediated through FPR itself [35]. Apart 

from a few findings in human polymorphonuclear cells that indicate FPR might not be the 

sole receptor for bringing about the homeostatic actions of Anx-A1 and its peptides, it is 

unclear how the protein and the receptor are mobilized in the cells of the adaptive immune 

response. We have here analyzed FPRL-1 subcellular expression in the lymphocytes from 

RA patients. Our findings showed increased immunoreactions for the receptor in the active 

RA patients and low levels in the remissive ones, following the same pattern as Anx-A1 

protein expression. We have recently proposed in a set of experiments the ultrastructural 

immunocytochemical co-localization of Fpr2 with Anx-A1 in neutrophils in a model of 

experimental peritonitis [36]. Collectively, these data provided in vivo support to the 

hypothesis that endogenous Anx-A1 is an essential effector in endogenous anti-inflammation 

and provide an indication that this mediator interacts with members of the FPR family.  

In line with current views on the role played by cells of the adaptive immune response we 

have investigated here the profile of endogenous Anx-A1 and FPRL-1 mobilization in the 

lymphocytes during RA. The data presented here provides in vivo evidence that endogenous 
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Anx-A1 plays a role during the active RA process that may be correlated to FPRL-1 activity. 

To further improve therapeutic care of RA patients we propose that these experimental 

findings may impact the development of more selective anti-inflammatory drugs based on the 

Anx-A1 system. 
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Materials and Methods 

 

Patients 

All patients gave written informed consent and the ethics committee of the host institution 

approved the study. Eight active RA patients (Table 1) and eleven remissive patients (Table 

2) were studied. All patients fulfilled 1987 ACR criteria for RA and had established disease 

[37]. The Disease Activity Score 28 (DAS-28) < 2.6 was indicative of RA remission [38]. All 

recruited patients were under stable doses of the GC prednisolone (5-10 mg/day) and the 

majority were taking non-steroidal anti-inflammatory drugs (NSAIDS) and disease-modifying 

antirheumatic drugs (DMARDs). Seven active and nine remissive patients were female, 

median age 50 yrs for the active and 56 yrs for the remissive and median disease duration 

10 yrs for both groups. Details are shown in the Table 1 and 2. All chosen patients, active 

and remissive ones, were taking oral steroids. As the aim of this study was not evaluate the 

effect of GCs during RA we homogenized our groups and only selected people that were 

under GC therapy, used by most of the RA portadores.,    

 

Cell quantification 

Lymphocyte cell numbers were determined after 1:10 dilution of blood aliquots in Turk’s 

solution, by differential counting in a Neubauer chamber with an x40 objective in a light 

microscope (Zeiss Axioskop 2 light microscope). 

 

Cytokine ELISA 

Aliquots of blood were centrifuged at 400g for 10 minutes. Then, concentrations of TNF-α 

and IL-10 were measured using specific enzyme-linked immunosorbent assay kits purchased 

from R&D System (Abingdon, UK). 
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Human lymphocyte preparation 

Lymphocytess were selected from peripheral blood mononuclear cells (PBMCs), previously  

prepared using Histopaque-1077/1119 density centrifugation (Sigma) Briefly, blood was first 

diluted (1:1) with RPMI-1640 (Sigma, Poole, UK) medium before being added to the gradient, 

and centrifuged at 1200 rpm for 30 min. Mononuclear cells were collected whereas 

erythrocytes were removed by hypotonic lysis. Cells were washed twice in RPMI medium 

before experimentation. 

 

Fixation, processing, and embedding for transmission electron microscopy 

Mononuclear cell pellets containing lymphocytes were fixed in 4% paraformaldehyde, 0.5% 

glutaraldehyde, and 0.1 mol/L sodium cacodylate buffer (pH 7.4) for 24 hours at 4°C, washed 

in sodium cacodylate, and dehydrated through graded percentages of ethanol, and 

embedded in LRGold (London Resin Co., Reading, UK). For electron microscopy, sections 

(# 90 nm) were cut on an ultramicrotome (Reichert Ultracut; Leica, Viena Austria) and 

placed on nickel grids for immunogold labeling. 

 

Postembedding immunogold labeling 

To detect the endogenous Anx-A1 protein and the FPRL-1 receptor in lymphocytes, ultrathin 

sections (# 90 nm) of cell pellets were incubated in a step by step manner with the following 

reagents at room temperature: i) distilled water; ii) 0.1 mol/L phosphate buffer containing 1% 

egg albumin (PBEA); iii) 0.1 mol/L PBS containing 5% egg albumin (PBEA) for 30 minutes; 

iv) sheep polyclonal antibody termed LCPS1, raised against the unique N-terminal region of 

human Anx-A1 (peptide Ac2-26, Ac-AMVSEFLKQAWFIENEEQEYVQTVK) (1:200 in PBEA) 

and rabbit polyclonal antibody FPRL-1 (1:100 in PBEA) for 2 hours, normal sheep and rabbit 

sera were used as control (1:200); v) three washes (5 minutes each) in PBEA containing 

0.01% Tween 20. To detect Anx-A1, vi) donkey anti-sheep IgG (Fc fragmentspecific) 

antibody (1:200 in PBEA) conjugated to 15-nm colloidal gold (British Biocell, Cardiff, UK) was 

added, and to detect FPRL-1 receptor, goat anti-rabbit IgG (Fc fragment-specific) antibody 
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(1:100 in PBEA) conjugated to 20 nm colloidal gold (British Biocell, Cardiff, UK) was added; 

vii) after 1 hour, sections were washed extensively in PBEA containing 0.01% Tween 20, 

then in distilled water. Sections were stained with uranyl acetate and lead citrate before 

examination using a Zeiss Leo 906 electron microscope (Centre of Microscopy and 

Microanalysis, IBILCE-UNESP, São José do Rio Preto, SP, Brazil). The density of 

immunogold, conjugated to Anx-A1 and FPRL-1, was calculated and expressed for cytosol, 

nucleous and plasma membrane of lymphocytes. Values are reported as mean ± S.E.M. of 

number of gold particles per µm2 (cytosol and nucleus) or gold particles per µm (plasma 

membrane). 

 

Statistical analysis 

All data are mean ± S.E.M. of n = 8 active RA patients and n = 11 remissive RA patients. 

Statistical differences between means were determined by analysis of variance followed, if 

significant, by the Bonferroni posthoc test (on selected groups). A probability value less than 

0.05 was taken as significant. 
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Figure Legend 

 

Figure 1. Density and co-localization of Anx-A1 and FPRL-1 immunogold particles in 

circulating lymphocytes. Anx-A1 (arrows) and FPRL-1 (arrowheads) receptor (15-nm and 

20-nm colloidal gold particles, respectively), also as a co-localization, were detected in the 

cytosol and nucleus of lymphocytes from peripheric blood of active (A) and remissive (B) RA 

patients. C: Absence of gold labeling for Anx-A1 and FPRL-1 in lymphocytes incubated with 

nonimmune sheep and rabbit serum. N, nucleus. Scale bars: 0.5 µm. 
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Table 1. Clinical data and pharmacological treatment of the active rheumatoid 

arthritis patients 

Number Age 
(yrs) Gender 

Disease 
Duration 

(yrs) 

Rhematoid 
Factor Status Treatment DAS 28 

(CRP) 

1 58 F 6 Negative MTX, DFC, 
NSAID, GC 5.65 

2 44 M 15 Positive MTX, 
NSAID, GC 5.28 

3 51 F 30 Positive MLX, DFC, 
GC, LF 3.0 

4 60 F 4 Negative MTX, GC, 
NSAID 3.42 

5 46 F 7 Positive MTX, GC 5.6 

6 41 F 11 Positive MTX, GC, 
NSAID 5.53 

7 50 F 5 Positive 
MTX, 

NSAID, GC, 
LF 

4.04 

8 52 F 1 Negative MTX, 
NSAID, GC 3.17 

MTX, methotrexate; MLX, meloxicam; CDP, chloroquine diphosphate; NSAID, non-steroidal anti-

inflammatory drugs; GC, glucocorticoid; LF, leflunomide; CRP, C reactive protein. 
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Table 2. Clinical data and pharmacological treatment of the remissive 

rheumatoid arthritis patients 

Number Age 
(yrs) Gender 

Disease 
Duration 

(yrs) 

Rhematoid 
Factor Status Treatment DAS 28 

(CRP) 

1 42 F 5 Positive ADA, MTX, 
GC  2.3 

2 75 M 6 Positive MTX, 
NSAID, GC 1.54 

3 42 F 19 Negative GC, NSAID, 
LF 1.6 

4 49 F 10 Positive MTX, MLX, 
LF, GC 1.65 

5 50 F 25 Positive MTX, GC, 
NSAID 1.10 

6 72 M 7 Negative MTX, GC, 
NSAID 1.41 

7 63 F 19 Negative MTX, GC, 
NSAID 1.21 

8 59 F 5 Positive 
ADA, MTX, 
NSAID, GC, 

LF 
1.55 

9 55 F 18 Positive 
MTX, GC, 
LF, HCQ, 

NSAID 
1.82 

10 79 M 13 Positive MTX, GC, 
LF 1.88 

11 38 M 3 Positive MTX, 
NSAID, GC 1.00 

ADA, adalimumab; MTX, methotrexate; MLX, meloxicam; HCQ, chloroquine hydroxide; NSAID, non-

steroidal anti-inflammatory drugs; GC, glucocorticoid; LF, leflunomide; CRP, C reactive protein. 
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Table 3. Density of the anti-inflammatory annexin 1 protein (Anx-A1) and the formyl peptide  

receptor like-1 (FPRL-1) immunogold particles in lymphocytes from the peripheric blood 

Data are mean ±S.E.M. of 10 distinct circulating lymphocytes. Electron microscopy analysis was performed as described 

in the Materials and Methods using the two antibodies: LCPS1 (to detect intact 37-kd ANX-A1) and anti-FPRL-1 (to 

detect human FPRL-1). *, P<0.05 versus Activity. 
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 Anx-A1 immunoreactivity 

Lymphocytes 
Anx-A1 FPRL-1 Anx-A1 + FPRL-1 

Activity Remission Activity Remission Activity Remission 

Plasma membrane 
(gold particles/ µm) 0.09 ± 0.04 0.07 ± 0.04 0.04 ± 0.03 0.08 ± 0.03 0.0 0.0 

Cytosol  

(gold particles/ µm2) 
3.83 ± 1.08 0.29 ± 0.15* 7.29 ± 1.51 0.82 ± 0.45** 0.50 ± 0.17 0.05 ± 0.04* 

Nucleus  

(gold particles/ µm2) 
5.65 ± 2.08 0.43 ± 0.08* 6.03 ± 2.13 0.71 ± 0.30* 0.81 ± 0.33 0.71 ± 0.30 



PUBLICAÇÕES - 80 

 

 

 

Figure 1 

Figure 5. Density and co-localization of Anx-A1 and FPRL-1 immunogold particles in 

circulating lymphocytes. 
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ANEXO 1 

 

Fluctuation of annexin-A1 positive mast cells in chronic 

granulomatous inflammation 
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