
Annexin A2 Is a Target of Autoimmune T and B Cell Responses 
Associated with Synovial Fibroblast Proliferation in Patients 
with Antibiotic-Refractory Lyme Arthritis

Annalisa Piantaa,*, Elise E. Drouina, Jameson T. Crowleya, Sheila Arvikara, Klemen Strlea, 
Catherine E. Costellob, and Allen C. Steerea

aCenter for Immunology and Inflammatory Diseases, Massachusetts General Hospital, Harvard 
Medical School, Boston, United States

bBoston University School of Medicine, Boston, United States

Abstract

In this study, autoantibody responses to annexin A2 were found in 11–15% of 278 patients with 

Lyme disease, including in those with erythema migrans (EM), an early sign of the illness, and in 

those with antibiotic-responsive or antibiotic-refractory Lyme arthritis (LA), a late disease 

manifestation. In contrast, robust T cell reactivity to annexin A2 peptides was found only in 

patients with responsive or refractory LA. In LA patients, annexin A2 protein levels, which were 

higher in the refractory group, correlated with annexin A2 antibody levels in sera and synovial 

fluid. In addition, in patients with antibiotic-refractory LA who had anti-annexin A2 antibodies, 

synovial tissue had intense staining for annexin A2 protein, greater synovial fibroblast 

proliferation and more tissue fibrosis. Thus, a subset of LA patients had T and B cell responses to 

annexin A2, and in the refractory group, annexin A2 autoantibodies were associated with specific 

pathologic findings.
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1. Introduction

Lyme disease, which is caused by the tick-borne spirochete Borrerlia burgdorferi, usually 

begins with an expanding skin lesion, erythema migrans (EM), that occurs at the site of the 

tick bite [1]. Months later, untreated patients commonly develop Lyme arthritis (LA) [2]. As 

the infection progresses, patients develop antibody responses to an increasing array of 

spirochetal proteins and glycolipids [3, 4]. Although most LA patients respond to antibiotic 
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therapy, called antibiotic-responsive LA, a small percentage of patients have persistent 

synovitis for months or years after 2–3 months of oral and intravenous antibiotic therapy, 

termed antibiotic-refractory LA [5, 6]. Excessive inflammation, immune dysregulation, and 

Infection-induced autoimmunity are thought to play a role in this outcome [7].

Identification of relevant autoantigens has been challenging in any disease, but newer 

discovery-based methods offer innovative approaches to this problem. One method is the 

screening of serum samples for autoantibodies by protein array [8–10] or by determination 

of the antibody repertoire in plasmablasts [11]. More recently, we have developed an 

approach in which patients’ inflamed synovial tissue is used as a source to isolate and 

identify in vivo HLA-DR-presented peptides (T cell epitopes) using tandem mass 

spectrometry (LC-MS/MS) [12]. T and B cell responses to identified peptides or their source 

proteins are then determined using patient samples.

With this approach, we previously identifed two novel autoantigens in Lyme disease, 

endothelial cell growth factor (ECGF) and apolipoprotein B-100 (apoB-100) [13, 14]. With 

each autoantigen, autoantibodies were found in about 10% of patients with EM, and T and B 

cell responses were present in 15–30% of patients with LA. In patients with antibiotic-

refractory LA, autoantibodies to ECGF correlated with the histologic finding of obliterative 

microvascular lesions in synovial tissue [15], whereas autoantibodies to apo-B-100 

correlated with higher numbers and activation of endothelial cells in the tissue and greater 

synovial fibroblast proliferation [14]. These correlations suggested that autoimmune 

responses to ECGF or apoB-100 may have specific pathologic consequences, relating 

primarily to synovial microvasculature.

We employed the same methodology to identify disease-associated autoantigens in 

rheumatoid arthritis (RA) [12, 16, 17]. In the first patient tested (RA1), an immunogenic 

HLA-DR-presented peptide derived from annexin A2 was identified from her synovial 

tissue. Annexin A2 is a known autoantigen in several rheumatic diseases, particularly in the 

anti-phospholipid syndrome (APS) and in lupus-associated APS, but also in RA [18–20]. 

Consistent with a previous report [20], 14% of our RA patients had autoantibody responses 

to annexin A2, providing “proof-of-concept” for this approach of autoantigen identification. 

In addition, when we tested serum samples from patients with other forms of arthritis, we 

learned that annexin A2 was also an autoantigen in a subset of patients with Lyme disease, 

which was not previously known. Thus, in the current report, we assessed T and B cell 

responses to annexin A2 and associated synovial pathology in patients with Lyme disease 

and in control subjects.

2. Patients and methods

2.1 Patients and control subjects

The study “Immunity in Lyme Arthritis” was approved by the Human Investigations 

Committees at Tufts Medical Center from 1988–2002 and at MGH from 2002–2014. In 

addition, the study “Diagnosis and Pathogenesis of Early Lyme Disease” was approved by 

the Committee at Tufts Medical Center from 1998–2001. All 278 patients whose samples 

were used in the current study met the Centers for Disease Control and Prevention (CDC) 
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criteria for Lyme disease [21]. All patients with erythema migrans (EM) had culture and/or 

serologic evidence of the infection; serum samples and PBMC were collected from these 

patients. Patients with LA were categorized as having antibiotic-responsive or antibiotic-

refractory LA, as previously defined [6]. Specimens collected from these patients included 

serum samples, PBMC, and if available, synovial fluid (SF). In patients who underwent 

synovectomies, synovial tissue was also obtained. As a control group for EM patients, serum 

samples were tested from 13 patients with influenza, another acute infection; and as 

comparison groups for LA patients, serum samples were assayed from 91 patients with RA, 

24 patients with spondyloarthropathies, and 5 patients with osteoarthritis. Additionally, 

serum samples and PBMC were collected from 10 healthy hospital personnel who did not 

have a history of LA, and serum samples were obtained from 42 healthy blood bank donors. 

All case and control subjects gave written informed consent.

2.2 Enzyme-linked immunospot (ELISpot) T cell assay

T cell reactivity was determined to 4 annexin A2 peptides. The 4 peptides included the 

immunogenic HLA-DR-presented peptide identified from the synovial tissue of patient 

RA1, and 3 additional promiscuous annexin A2 peptides that were each predicted to bind 

>16 HLA-DR molecules. The peptides were synthesized and HPLC-purified in the MGH 

Core Facility. The sequences of the peptides 

were: 50GVDEVTIVNILTNRSNAQR68, 97TVILGLLKTPAQYDA111, 164SGDFRKLMVA

LAKGRRA180 and 285DKVLIRIMVSRSEVD299; the first 3 sequences were the 

promiscuous peptides and the last sequence was identified from patient RA1. Because cell 

numbers were limited, the 4 peptides (1 μM) were pooled for stimulation of patients’ PBMC 

in duplicate wells, using an IFN-γ ELISpotplus kit (MabTech); PHA (phytohemagglutinin) 

was the positive control and no antigen was the negative control. After 5 days, cells were 

transferred to ELISpot plates coated with IFN-γ antibodies, and incubated overnight. Images 

of wells were captured using ImmunoSpot series 3B analyzer, and spots were counted using 

ImmunoSpot software.

2.3 ELISA for serum IgG anti-annexin A2 antibodies

ELISA plates were coated with 1 μg/ml of recombinant human annexin A2 (Novoprotein, 

Summit, NJ) overnight at 4°C. Subsequent incubations and washes were performed at room 

temperature. After washing with phosphate buffered saline with 0.05% Tween-20 (PBST), 

the plates were blocked with blocking buffer (5% nonfat dry milk in PBST) for one hour. 

Afterwards, 100 μl of each patient’s serum sample (diluted 40-fold) was added in duplicate 

wells for 1.5 hours, followed by horseradish-peroxidase (HRP)-conjugated goat anti-human 

IgG (sc-2453, Santa Cruz Biotech), and then TMB substrate (BD, San Diego, CA). For 

generation of a standard curve, serial dilutions of rabbit polyclonal antibody against annexin 

A2 (sc-9061, Santa Cruz Biotech) were included with each assay.

2.4 Quantification of annexin A2 protein levels in serum and synovial fluid

ELISA plates were coated with 2 μg/ml capture antibody (sc-1924, Santa Cruz Biotech.) 

overnight at 4°C. Plates were then washed with PBST and blocked with 1% BSA PBST for 

one hour. Afterwards, serum or synovial fluid samples (diluted 1:10 in PBST) were added in 

duplicate and incubated at 37°C for one hour. Next, detection antibody (5 μg/ml) (sc-9061, 
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Santa Cruz Biotech.) was added for 2 hours. The plates were then incubated with goat anti-

rabbit IgG-HRP (sc-2030, Santa Cruz Biotech), followed by TMB substrate. For inter-plate 

standardization, 2 control samples were included on each plate.

2.5 Immunohistochemistry

Fresh frozen synovial tissue samples were available from 9 LA patients. Staining for 

annexin A2 was done as previously described for ECGF [15]. Briefly, after blocking, the 

sections were incubated with rabbit polyclonal antibody against annexin A2 (sc-906, Santa 

Cruz Biotech) at 4°C overnight. For negative controls, non-specific rabbit IgG was used. 

The following day, the sections were incubated with biotinylated anti-rabbit secondary 

antibody, peroxidase-streptavidin, and then, diaminobenzidine substrate. The slides were 

counterstained with Mayer’s hemotoxylin and mounted with permount. Microscopic images 

were obtained with a Nikon eclipse ME6000 microscope.

For grading, two independent observers (AP and ACS), who were not aware of the annexin 

A2 antibody titers, ranked the degree of annexin A2 staining of the tissue on a scale of 1 to 

9, with 9 being the highest ranked patient. Staining and ranking of slides for other histologic 

features of synovial tissue, which were made previously by two independent observers [15], 

were stratified here according to positive or negative anti-annexin A2 values.

2.6 Statistical analysis

Categorical data were analyzed by chi-square test or Fisher’s exact test, and quantitative 

data were analyzed using unpaired t test with Welch correction. Correlations were analyzed 

using Pearson correlation coefficients. All analyses were performed using GraphPad Prism 

6. All P values were two-tailed. P values less than or equal to 0.05 were considered 

statistically significant.

3. Results

3.1 T and B cell responses to annexin A2 in patients with Lyme disease and control 
subjects

Early in the illness, 2 of 12 patients (17%) with erythema migrans (EM), the initial skin 

lesion of the infection, had low-level T cell reactivity with annexin A2 peptides (Fig. 1). In 

contrast, T cells from 7 of 17 patients (41%) with antibiotic-responsive LA and 7 of 20 

patients (35%) with antibiotic-refractory LA secreted levels of IFN-γ that were >3 SD above 

the mean value of 10 healthy control subjects (in both instances, P<0.05). Thus, robust T cell 

reactivity to annexin A2 peptides was only found late in the illness in patients with LA.

When serum samples were examined for autoantibody responses, 16 of 104 patients (15%) 

with EM, 9 of 85 patients (11%) with antibiotic-responsive LA, and 11 of 89 patients (12%) 

with antibiotic-refractory LA had anti-annexin A2 antibody responses that were >3 SD 

above the mean value in 52 HC (P<0.0001, P=0.002 and P<0.0001, respectively) (Fig. 2). 

Similarly, 13 of 91 RA patients (14%) had anti-annexin A2 antibody levels that were 

significantly higher than HC (P=0.002). In contrast, none of 13 patients with influenza; none 

of 24 patients with seronegative spondyloarthropathies (SpA), including 15 with psoriatic 
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arthritis, 7 with ankylosing spondylitis, and 2 with reactive arthritis; and none of 5 patients 

with osteoarthritis had positive responses. Thus, the SpA group differed significantly from 

both the responsive and refractory LA groups (for both comparisons, P<0.0001) and from 

the RA group (P=0.0003).

Patients in whom antibody testing was performed included the subset of 37 LA patients in 

whom T cell testing was done. When concordance was assessed between T cell (ELISpot) 

and B cell (ELISA) assays, 2 (5%) had concordant positive responses, and 22 (59%) had 

concordant negative responses.

Among 51 patients with antibiotic-refractory LA in whom sera were available to measure 

antibodies to annexin A2, ECGF and apoB-100 (the previously identified autoantigens in 

Lyme disease), none had responses to 3 of these proteins, 2 had responses to two antigens 

(4%) and 20 (39%) had reactivity with one of these autoantigens. Among the 50 patients 

with antibiotic-responsive LA, one (2%) had responses to two of the proteins, and 13 (26%) 

had reactivity with one of the proteins. Thus, annexin A2, ECGF and apoB-100 

autoantibodies occurred primarily in different subgroups of LA patients.

3.2 Annexin A2 protein in serum, synovial fluid, or synovial tissue

For annexin A2 to become a target of host immune responses, one would predict that the 

protein would be present in high concentrations in patients’ inflamed synovial tissue, SF, 

and perhaps serum. Therefore, in patients in whom enough serum or SF remained, or in 

whom synovial tissue was available, annexin A2 protein levels or staining were assessed.

Compared with HC, 11 of the 30 patients (37%) with antibiotic-refractory LA had elevated 

levels of annexin A2 in serum (P=0.0008), and 5 (17%) had increased levels in SF 

(P=0.009) (Fig. 3); serum levels tended to be lower in the responsive group (P=0.1). Similar 

to refractory LA patients, 16 of 63 RA patients (23%) had elevated serum levels of annexin 

A2 protein. In contrast, annexin A2 levels were not elevated in patients with EM, influenza, 

or SpA. Thus, patients with antibiotic-refractory LA or RA often had elevated annexin A2 

levels, but those with SpA did not (for each comparison, P<0.0001).

When the levels of annexin A2 protein in serum were correlated with serum anti-annexin A2 

antibody titers, a positive correlation was found in LA patients both in serum and SF 

(P=0.0001 and P<0.0001, respectively) (Fig. 4A and B). Similarly, when the degree of 

annexin A2 protein staining in 9 synovial tissue samples from antibiotic-refractory LA 

patients was assessed using immunohistologic techniques, the ranking for annexin A2 

protein (from highest to lowest) correlated strongly with anti-annexin A2 antibody titers 

(P=0.006) (Fig. 4C). Similarly, RA patients also had a positive correlation between serum 

annexin A2 protein levels and anti-annexin A2 antibody levels (P=0.004) (Fig. 4D), but no 

correlation was observed in patients with SpA (Fig. 4E) or in HC (Fig 4F). Thus, in LA 

patients, the greater the levels of annexin A2 protein in serum, SF or synovial tissue, the 

higher the serum anti-annexin A2 antibody titer.
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3.3 Histologic findings analyzed according to annexin A2 antibody responses

Of the 9 patients with LA in whom synovial tissue was available, 5 (55%) had positive 

results for annexin A2 antibodies and 4 (45%) had negative results. When histologic 

findings were stratified according to annexin A2 antibody responses, the 5 patients with 

positive responses had more intense staining for annexin A2 protein (P=0.004), greater 

synovial fibroblast proliferation (P=0.04), and a trend toward greater fibrosis (P=0.1) than 

the 4 patients with negative antibody responses (Fig. 5).

Figure 6 demonstrates these findings in one patient with positive anti-annexin A2 antibody 

responses compared with one patient with negative responses. In patient 1, who had a 

positive annexin A2 antibody response, synovial tissue showed intense staining for annexin 

A2 protein along with apparent staining of synovial fibroblasts. In addition, synovial tissue 

from this patient showed intense fibrosis, as demonstrated by the blue color in trichrome 

staining. In contrast, in patient 2, who had a negative annexin A2 antibody response, no 

staining for annexin A2 protein was seen in the tissue. Although synovial fibroblasts were 

apparent, their numbers appeared to be lower, and minimal fibrosis was seen in the tissue.

4. Discussion

In this study, high levels of annexin A2, a widely expressed, calcium-dependent, 

phospholipid-binding protein [22, 23], were found in the serum, SF, and synovial tissue of a 

subset of patients with LA, particularly in those with antibiotic-refractory LA. In these 

patients, annexin A2 served as a target for T and B cell responses. In patients with 

antibiotic-refractory LA who had anti-annexin A2 antibodies, synovial tissue had intense 

staining for annexin A2 protein, greater synovial fibroblast proliferation and more tissue 

fibrosis, implying that this autoantibody response may have specific pathologic 

consequences.

Annexin A2, which is expressed on a number of cell types, including monocytes and 

endothelial cells, has a high affinity for phospholipids [24] and is involved in the 

maintenance of cell membranes and the cytoskeleton [22]. Annexin A2 on endothelial cells 

acts as a receptor for both plasminogen and tissue plasminogen activator [25], thereby 

playing an important role in cell surface fibrinolysis. However, this process may be impaired 

by anti-annexin A2 antibodies, which can activate endothelial cells, leading to loss of their 

anti-coagulant phenotype [18]. This is a particular problem in several autoimmune 

rheumatic diseases [24]. In one study, anti-annexin A2 autoantibodies were found in 22% of 

patients with the anti-phospholipid syndrome (APS) and in 26% of patients with lupus-

associated APS [26].

In addition, high levels of annexin A2 have been reported in several immune-mediated 

diseases in which they enhance fibroblast proliferation and fibrosis in a target tissue. For 

example, annexin A2 has been associated with fibroblast proliferation in idiopathic 

pulmonary fibrosis [27] and in immune liver fibrosis [28]. In murine collagen-induced 

arthritis, annexin A2 promoted migration and invasion of fibroblast synoviocytes into 

cartilage, leading to cartilage destruction. Conversely, down-regulation of annexin A2 
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expression alleviated joint damage [29]. Moreover, annexin A2 levels in synovial tissue 

were higher in RA patients than in OA patients [29].

Consistent with these findings, our patients with antibiotic-refractory LA who had anti-

annexin A2 antibodies had significantly greater expression of annexin A2 protein, greater 

synovial fibroblast proliferation, and a trend toward greater tissue fibrosis. In contrast, 

although the numbers of SpA patients that we tested was relatively small (N=24), they did 

not have high annexin A2 protein levels or autoantibody responses to the protein. Thus, high 

levels of annexin A2 protein and antibodies appear not to be features of all forms of chronic 

inflammatory arthritis.

To explain how annexin A2 may become immunogenic in Lyme disease, we postulate the 

following sequence of events. First, as was shown with both ECGF and apoB-100 [13, 14], 

autoantibodies to annexin A2 typically develop early in the illness in patients with erythema 

migrans, months before the onset of arthritis. B. burgdorferi spirochetes bind plasminogen 

and its activator, which facilitate spreading of the organism in the tick and in the host [30, 

31]. Since annexin A2 binds both plasminogen and tissue plasminogen activator, the 

spirochete may also bind annexin A2, thereby acting as a conduit for phagocytosis of these 

human proteins. The development of these autoantibodies, which result from close 

interaction between the spirochete and host, would constitute the “first hit” in the 

autoimmune process, though this early response does not appear to be pathogenic.

Later in the disease, in LA patients, the inflammatory microenvironment of the joint may 

lead to increased expression of annexin A2, particularly in patients with antibiotic-refractory 

LA, resulting in greater HLA-DR presentation of annexin A2 peptides, and the development 

of both T and B cell responses to the protein. These events would constitute the “second 

immunologic hit”. In support of this idea, the strong correlation between annexin A2 protein 

levels and anti-annexin A2 antibody values suggests that abundance of the protein is a factor 

in antigenicity. Although T and B cell responses to annexin A2 are found in antibiotic-

responsive and antibiotic-refractory LA, refractory patients have significantly higher levels 

of inflammatory cytokines in joints, including IFN-γ and TNF-α [32, 33]. These cytokines 

are known to alter the immunoregulatory set point of T cells [34, 35], which may lead to 

immune dysregulation [36, 37]. Moreover, high levels of annexin A2 protein in the 

refractory group may stimulate synovial fibroblast proliferation, an important cell in the 

secretion of pro-inflammatory cytokines [38], and annexin A2 protein-antibody complexes 

may further accentuate the inflammatory response. This model suggests that the 

pathogenicity of the anti-annexin A2 immune response is context dependent, occurring 

primarily within an intense inflammatory microenvironment in joints.

In patients with antibiotic-refractory LA, synovitis resolves within months to several years 

after antibiotic treatment. In these patients, we postulate that the “danger” signals provided 

by live spirochetes to innate immune cells are no longer present. Without these adjuvant-like 

signals, the adaptive immune response to autoantigens eventually regains homeostasis, and 

the arthritis resolves.
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In summary, T and B cell responses occur to annexin A2 in a subset of patients with LA. 

Early in the illness, in patients with EM, close interactions between the spirochete and the 

host may be an initial factor in the development of autoantibody responses to annexin A2. 

Later in the disease, in patients with LA, marked abundance of the protein in joints may lead 

to antigen presentation by HLA-DR molecules, and the development of T and B cell 

responses to the protein. In patients with antibiotic-refractory LA, the intense inflammatory 

microenvironment in joints may allow this immune response to become pathogenic.
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Highlights

• A subgroup with Lyme arthritis had T and B cell responses to annexin A2.

• Annexin A2 antibodies found in erythema migrans prior to arthritis.

• Annexin A2 protein levels correlated with annexin A2 autoantibody titers.

• Annexin A2 protein levels were highest in refractory arthritis.

• Annexin A2 antibodies correlated with greater synovial fibroblasts and fibrosis.
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Fig. 1. 
T cell reactivity against annexin A2 peptides in Lyme disease patients and healthy control 

subjects. PBMCs from patients with erythema migrans (EM), antibiotic-responsive Lyme 

arthritis (LA res), antibiotic-refractory Lyme arthritis (LA ref) and healthy controls (HC) 

subjects were incubated with a set of 4 annexin A2 peptides (1 μM each), 

phytohemagglutinin (positive control), or no peptide (negative control), and assayed for 

IFN-γ secretion using ELISpot assay. A positive response was defined as >3 standard 

deviation (SD) above the mean of the HC subjects (area above the shaded region). Each 

symbol indicates the value in an individual subject. The horizontal lines represent the mean 

values of each group. The P-value for the corresponding statistical comparisons are 

indicated.
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Fig. 2. 
Determination of IgG anti-annexin A2 antibody levels as assessed by ELISA. Plates were 

coated with recombinant human annexin-A2 and incubated with serum from patients or 

control subjects. All serum samples were tested in duplicates. Positivity was defined as >3 

SD above the mean value of healthy control (HC) subjects (area above the shaded region). 

Symbols represent values in individual patients and horizontal lines show mean values. Only 

significant P values are shown. HC = healthy control; Flu = influenza; EM = erythema 

migrans; LA res = antibiotic-responsive Lyme arthritis; LA ref = antibiotic-refractory Lyme 

arthritis; RA = rheumatoid arthritis; SpA = spondyloarthropathies, OA = osteoarthritis.
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Fig. 3. 
Determination of serum or synovial fluid (SF) annexin-A2 protein levels as assessed by 

sandwich ELISA. Positivity was defined as >3 SD above the mean value of healthy control 

(HC) subjects (area above the shaded region). Symbols represent values in individual 

patients and horizontal lines show mean values. Only significant P values are shown. HC = 

healthy control; Flu = influenza; EM = erythema migrans; LA res = antibiotic-responsive 

Lyme arthritis; LA ref = antibiotic-refractory Lyme arthritis; RA = rheumatoid arthritis; SpA 

= spondyloarthropathies, OA = osteoarthritis.
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Fig. 4. 
Correlations between annexin A2 antibody titers in serum and annexin A2 protein levels in 

serum, synovial fluid or synovial tissue of patients with Lyme arthritis, rheumatoid arthritis, 

spondyloarthropathies, or healthy control subjects. Annexin A2 antibody titers correlation 

with serum annexin A2 protein levels (A) or synovial fluid annexin A2 protein levels (B) in 

Lyme arthritis patients. Correlation between annexin A2 antibody titers and synovial tissue 

annexin A2 protein levels as determined by immunohistochemistry (IHC) in patients with 

Lyme arthritis (C). Correlation between annexin A2 antibody titers and serum annexin A2 

protein levels in patients with rheumatoid arthritis (D), spondyloarthropathies (E), or healthy 

control subjects (F). Ab = antibody.
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Fig. 5. 
Histologic findings in synovial tissue stratified by annexin A2 antibody (Ab) responses. The 

samples analyzed were from 9 patients with antibiotic-refractory Lyme arthritis: 4 had 

negative annexin A2 Ab responses and 5 had positive responses. The slides were stained 

with hematoxylin and eosin, or trichrome (for fibrosis) (A), or with antibodies to cell surface 

markers or to annexin A2 (B). Data are shown as box plots. Each box represents the 25th to 

75th percentiles. Lines inside the boxes represent the median values. Lines outside the boxes 

represent the 5th and the 95th percentiles. The P-value for the corresponding statistical 

comparisons is indicated.
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Fig. 6. 
Findings in synovial tissue pertaining to annexin A2 protein expression, synovial fibroblasts, 

and fibrosis in 2 representative LA patients who did or did not have anti-annexin A2 

antibodies. The sections were stained with rabbit polyclonal antibody against annexin A2, 

rabbit polyclonal antibody against vimentin (fibroblast), or trichrome (fibrosis). Low-power 

and high-power views are shown. In the upper panels, the tissue in patient 1 (Pt 1), who had 

anti-annexin A2 antibodies, showed marked annexin A2 expression, dense synovial 

fibroblasts, and intense fibrosis. In the lower panels, the tissue in patient 2 (Pt 2), who did 

not have anti-annexin A2 antibodies, showed minimal annexin A2 expression, less dense 

synovial fibroblasts, and minimal fibrosis. Ab = antibody.
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