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Investigation of circulating antibodies to ANXA1 in breast cancer
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Abstract Our recent work demonstrated that circulating
levels of IgG antibody to linear peptide antigens derived from
annexin A1 (ANXA1) were significantly increased in lung
cancer. The present study was then undertaken to test whether
circulating anti-ANXA1 antibodies were also altered in breast
cancer. An enzyme-linked immunosorbent assay was devel-
oped in-house to determine circulating IgG against ANXA1-
derived peptide antigens in 152 female patients with breast
cancer and 160 female control subjects. Student’s t test re-
vealed that patients with breast cancer had significantly higher
levels of anti-ANXA1 IgG than control subjects (t=4.75,
P<0.0001). Receiver operating characteristic (ROC) analysis
showed that the area under the ROC curve was 0.73 with 95%
confidence interval (CI) 0.67–0.78, and the sensitivity of anti-
ANXA1 IgG assay was 23.2% against the specificity of 90%.
The levels of anti-ANXA1 IgG did not appear to be stage-
dependent, and Pearson correlation analysis showed no cor-
relation between the anti-ANXA1 IgG levels and the stages of

breast cancer (r=−0.02, df=149, P=0.796). This work sug-
gests that circulating IgG for ANXA1-derived peptide anti-
gens may have both diagnostic and prognostic values for
breast cancer although further screening is needed to identify
more such peptide antigens derived from tumor-associated
antigens.
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Introduction

Breast cancer is the most common malignancy in female
people and often develops through sequential stages from
normal ductal epithelium to ductal carcinoma in situ (DCIS),
invasive cancer, and metastatic carcinoma. It is the second
leading cause of cancer mortality among women [1]. With the
advent of modern technologies such as mammography for
screening early-stage breast cancer, the death rates of breast
cancer have been declining in mostWestern countries over the
past few decades [2]. However, not all cancers can be visual-
ized onmammographic screening, and the sensitivity of mam-
mography has been very low (<50 %) in women with ex-
tremely dense breasts [3]. It is thus particularly important to
develop a more powerful diagnostic tool for early diagnosis of
breast cancer.

The secretion of circulating antibodies to tumor-associated
antigens (TAAs) has been reported in a large body of publi-
cations [4–10]. While a range of anti-TAA antibodies have
been identified in breast cancer [9, 10], the sensitivity of
serological antibody test with a single antigen is too low for
clinical application so that a panel of antigens are needed to
develop a powerful test like the EarlyCDT®-Lung test that
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was the first autoantibody-based diagnostic tool in lung cancer
[7, 8, 11]. Annexin-1 (ANXA1) is known to be involved in the
initiation of breast cancer [12, 13]. In a recent study, we found
that circulating levels of IgG antibodies to ANXA1 were
significantly increased in lung cancer [14]. The present work
was therefore undertaken to investigate whether circulating
IgG antibodies to ANXA1 was also altered in breast cancer.

Materials and methods

Subjects

A total of 152 patients aged 50.1±9.1 years, who were newly
diagnosed as having breast cancer, were recruited for this
study by the Third Affiliated Hospital of Harbin Medical
University, Harbin, China. Of these 152 patients, 126 suffered
from ductal carcinoma (DC) and 26 from lobular carcinoma
(LC). Their diagnoses were made based on mammographic
examination and histological confirmation with staging infor-
mation. Blood samples were taken prior to any anticancer
treatment. One hundred sixty healthy subjects aged 50.9±
5.5 years were also recruited as controls. Clinical interview
and radiographic examination were applied to rule out the
control subjects who had history of breast cancer or any other
malignant tumors. All the subjects were of Chinese Han
origin, and all gave written informed consent to participate
in this study. This work was approved by the Ethics Commit-
tee of Jilin University and conformed to the requirements of
the Declaration of Helsinki.

Autoantibody testing

Enzyme-linked immunosorbent assay (ELISA) was developed
in-house using a linear peptide antigen derived from human
ANXA1 protein (NCBI accession NP_000691), H-
FNTILTTRSYPQLRRVFQKYTLIRIMVSRSEID-OH, to de-
tect circulating IgG to ANXA1; a peptide fragment derived from
recombinant goat alpha-lactalbumin T29i (NCBI accession
1FKV_A), H-VFQKLKDLKDYGGVSLPEWVKIAFHTSG-
OH, was used as the control antigen. Briefly, synthetic peptides
were dissolved in 67 % acetic acid to obtain a concen-
tration of 5 mg/ml as stock solution. The antigens were
diluted into a working solution just before use with
phosphate-buffered saline (PBS), pH 7.4, containing
0.1 % sodium azide. Coaster 96-well microtiter EIA
plates (ImmunoChemistry Technologies, USA) were
half-coated in 0.1 ml/well of the ANXA1-derived pep-
tide antigen (1 μg/well) and half-coated in 0.1 ml/well
of the control antigen (2 μg/well) as described in our
previous study [14]. After overnight incubation at 4 °C,
the antigen-coated microplate was washed three times
with PBS containing 0.05 % Tween-20 (PBS-T), 100 μl

plasma sample diluted 1:200 in Assay Buffer (DS98200,
Life Technologies) was then added to the sample wells,
and 100 μl Assay Buffer was added to the negative
control (NC) wells. Following 3 h incubation at room
temperature, the plate was washed three times with
PBS-T and 100 μl peroxidase-conjugated goat anti-
human IgG antibodies (A8667, Sigma-Aldrich) diluted
1:30000 in Assay Buffer was added to each well. After
incubation at room temperature for 2 h, color develop-
ment was initiated by adding 100 μl Stabilized Chro-
mogen (SB02, Life Technologies) and terminated
25 min later by adding 50 μl Stop Solution (SS04, Life
Technologies). The measurement of optical density (OD)
was completed on a microplate reader (BioTeck, USA)
within 10 min at 450 nm with a reference wavelength
of 620 nm.

Each sample was tested in duplicate. To reduce the inter-
ference from a nonspecific signal produced by passive absorp-
tion of various antibodies in plasma to the surface of 96-well
microplate, a specific binding index (SBI) was used to express
the levels of circulating antibodies to ANXA1. SBI was
calculated as follows:

SBI ¼ ANXA1antigen ODð Þ−NC ODð Þ½ �
.

controlantigen ODð Þ−NC ODð Þ½ �

To minimize the intra-assay deviation, the ratio of the
difference between duplicated OD values to their sum was
used to assess the precision for assay of each sample. If the
ratio was >10 % then the test of this sample was treated as
being invalid and would not be used for data analysis.

Data analysis

The mean±SD in SBI was used to present data. Student’s t test
was performed to examine the difference in SBI between the
patient group and the control group; Pearson correlation anal-
ysis was performed to examine the correlation between circu-
lating IgG levels and the stages of breast cancer. Receiver
operating characteristic (ROC) analysis was applied to work

Table 1 The levels of circulating IgG to ANXA1-derived peptide anti-
gens in patients with breast cancer

Cancer Patient (n) Control (n) t1 P

DC 1.44±0.39 (126)1 1.19±0.51 (160) 4.49 <0.0001

LC 1.44±0.32 (26) 1.19±0.51 (160) 2.33 0.021

Combined 1.44±0.38 (152) 1.19±0.51 (160) 4.75 <0.0001

The antibody levels are expressed as mean±SD in SBI
1 Student’s t test (two-tailed)
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out the area under the ROC curve (AUC) with calculation of
95 % confidence interval (CI) and ELISA sensitivity against a
specificity of 90 %.

Results

As shown in Table 1, patients with breast cancer had
significant higher levels of circulating IgG to ANXA1
than control subjects (t=4.75, P<0.0001), and both DC
and LC appeared to contribute to the increased levels of
anti-ANXA1 IgG antibodies in the circulation (Table 1).
The levels of anti-ANXA1 IgG did not show stage-
dependence (Table 2); as shown in Fig. 1, Pearson
correlation analysis demonstrated no significant correla-
tion between the anti-ANXA1 IgG levels and the stages
of breast cancer (r=−0.02, df=149, P=0.796).

As shown in Table 3, ROC analysis showed an AUC of
0.73 with 95 % CI 0.67–0.78 for anti-ANXA1 IgG, and the
sensitivity of ELISA antibody test was 23.2 % against the
specificity of 90 %.

Discussion

The present work confirmed that circulating levels of IgG
antibodies for ANXA1-derived peptide antigens were signif-
icantly increased in breast cancer although the sensitivity of
antibody test was rather low (Table 3). Apparently, a panel of
antigens is needed to develop a highly sensitive test for
clinical diagnosis. A number of studies have identified a range
of anti-TAA antibodies in breast cancer, including those for
p53, MUC1, HSP27, HSP60, HSP90, HER2, MYC, MYB,
NY-ESO-1, BRCA1, BRCA2, GIPC1, endostain, lipophilin
B, cyclin D1, fibulin, IGFBP2, TOPO2α, cathepsin D, and
CD25 [5, 6, 9, 10, 15]. These autoantibodies have promised
the diagnostic potential for the malignant disease.

ANXA1 is a member of the calcium-dependent phospho-
lipid-binding protein family and has a critical role in cellular
and immunological responses [12, 13, 16]. It is a candidate
regulator of oncogene-induced cell morphology switch, such
as the epithelial-mesenchymal transition (EMT) phenotypic
switch [17]. Such a switch enables tumor cells to increase their
mobility and invasiveness, leading to metastasis and progres-
sion [18]. What mechanism underlies the elevation of IgG
antibodies for ANXA1 remains unknown, but the change of
ANXA1 expression varies in different subtypes of breast
cancer. For example, high ANXA1 expression is associated
with the basal-like breast cancer (BLBC) subtype in a panel of
breast cancer cell lines, while the loss of ANXA1 expression
is associated with invasive carcinoma [19]. It is possible that
increased anti-ANXA1 antibodies could inhibit the activity of
ANXA1 and facilitate invasiveness of breast cancer. This may
be the reason why increased anti-ANXA1 IgG levels were
observed in all four stages of breast cancer in this study
(Tables 2 and 3). If this was a case, circulating anti-ANXA1
IgG could have both diagnostic and prognostic values for
breast cancer.

Table 2 The relationship between the stages of breast cancer and the
levels of circulating IgG to ANXA1-derived peptide antigens

Stage Patient (n) Control (n) t1 P

Stage I 1.48±0.32 (33) 1.19±0.51 (160) 3.11 0.0021

Stage II 1.45±0.42 (49) 1.19±0.51 (160) 3.14 0.0019

Stage III+IV 1.41±0.38 (69) 1.19±0.51 (160) 3.15 0.0018

The antibody levels are expressed as mean±SD in SBI
1 Student’s t test (two-tailed)

Fig. 1 Correlation between the stages of breast cancer and the anti-
ANXA1 IgG levels. r=−0.02, df=149, P=0.796

Table 3 ROC analysis of anti-ANXA1 IgG antibodies in patients with
breast cancer

Stage AUC 95% CI SE Sensitivity (%)1

I 0.77 0.70–0.85 0.037 20.4

II 0.72 0.65–0.79 0.038 20.4

III+IV 0.71 0.64–0.71 0.034 17.4

Overall 0.73 0.67–0.78 0.029 23.2

1Against specificity of 90 %
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