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Abstract
Introduction Annexin A11 was previously identified as an
autoantigen in 4.1–10.1% of patients with various systemic
autoimmune diseases. In this study, an enzyme-linked
immunosorbent assay (ELISA) was developed to investigate
the occurrence and features of anti-annexin A11 autoanti-
bodies in sera from patients with different types of cancer.
Methods The recombinant protein of GST fused to the N-
terminal domain (1–175 residues) of human annexin A11
was expressed and used as antigen in ELISA. A total of 246
serum specimens were analyzed, which includes sera from
healthy women (77), patients with ovarian cancer (72),
breast cancer (18), colon cancer (19), pancreatic cancer
(20), prostate cancer (20), and diabetes (20).
Results The overall titer of anti-annexin A11 autoantibodies
in ovarian cancer patients (or primary tumors only) was
found much higher than that in healthy controls (P<0.05).
At the cut-off value designating positive reaction, anti-
annexin A11 autoantibodies were detected in 12.5% (5/40)
of primary ovarian cancer patients with a significant

difference from 2.6% (2/77) of the healthy controls (P<
0.05), but only in 6.25% (2/32) of recurrent tumors. ROC
curve demonstrated the potential diagnostic value of anti-
annexin A11 autoantibodies in primary ovarian cancer
patients with an AUC of 0.62 (0.52–0.73). Anti-annexin
A11 autoantibodies were also detected in 5.26% (1/19) of
colon cancer and 10% (2/20) of diabetes patients but without
significant difference from the healthy controls.
Conclusion A convenient assay to detect anti-annexin A11
autoantibodies in patients was developed, and the experi-
mental data are promising but need to be expanded to
address their biological/clinical relevance.
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Abbreviations
ELISA Enzyme-linked immunosorbent assay
GST Glutathione S-transferase
ANXA11N N-terminal regulatory domain of annexin

A11
SDS-PAGE Sodium dodecyl sulfate-polyacrylamide

gel electrophoresis

Introduction

There is increasing evidence for an immune response to human
cancer, demonstrated in part by the identification of autoanti-
bodies against some intracellular and surface antigens in
patients with different types of cancer [1–3]. The identification
of these tumor-associated antigens/autoantibodies may have
utility in cancer screening, diagnosis, predicting prognosis,
and immunotherapy. Annexin A11 is a member of the
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annexin superfamily of Ca++ signal transduction proteins
associated with cell growth and differentiation [4–6]. All of
the annexin members share a conserved C-terminal domain
containing four or eight repeats of around 70 amino acids that
is presumed to be involved in phospholipid binding in a Ca++-
dependent way. Each member contains a unique N-terminal
domain that strongly varies both in length and in sequence
[7, 8]. Previously, annexin A11 was identified as an
autoantigen in a substantial number of sera (4.1–10.1%)
from patients with various systemic autoimmune diseases,
including rheumatoid arthritis, systemic lupus erythemato-
sus, Sjögren’s syndrome, systemic sclerosis, and Raynaud’s
phenomenon, but was rarely detected in sera from healthy
controls and in patients with infectious diseases [9–12]. The
majority of these anti-annexin A11 autoantibodies belong to
the IgG class, consistent with an antigen-driven mechanism
of autoantibody production, in contrast to autoantibodies to
other annexins that are primarily of the IgM isotype. Anti-
annexin A11 autoantibodies do not cross-react with other
annexin members, corroborating that they recognize the
unique N-terminal domain of annexin A11 [10]. Most
recently, in a genome-wide association study, annexin A11
was identified as a new susceptibility locus for sarcoidosis
[13]. How annexin A11 participates in the pathogenesis of
human cancers and whether a similar mechanism in
autoimmune diseases might be involved in human immune
responses in cancer remains to be established.

Recently, we showed that annexin A11 is associated with
cisplatin resistance and related to tumor recurrence in ovarian
cancer patients [14]. Using immunohistochemical staining, the
expression level of annexin A11 in first recurrence, post-
chemotherapy ovarian cancers was found to be much lower
than that in primary, pre-chemotherapy ovarian cancers [14].
In this study, an enzyme-linked immunosorbent assay
(ELISA) was developed to investigate the occurrence and
features of autoantibodies against annexin A11 in sera from
patients with ovarian cancer and from healthy controls. For
comparison, sera from patients with other types of human
cancer as well as diabetes were also analyzed.

Materials and Methods

Patients and Controls

In this study, a total of 246 serum specimens archived at the
Johns Hopkins Hospital were analyzed, which includes sera
from 77 healthy women [mean (SD) age, 48 (12) years]; 72
patients with stage III/IV (45 and 27 cases, respectively)
ovarian cancer (40 primary and 32 recurrent tumors) [58
(14) years]; 18 patients with stage 0, I, II, or III (three, five,
seven, and three cases, respectively) breast cancer [53 (16)
years]; 19 patients with stage I, II, or III (one, ten, and eight

cases, respectively) colon cancer [69 (16) years]; and
groups of 20 patients each with stage II or III (four and
16 cases, respectively) pancreatic cancer [66 (8) years],
stage I, II, or III (one, 12, and seven cases, respectively)
prostate cancer [58 (8) years], or diabetes [52 (18) years].
All patients with breast, colon, or pancreatic cancer and
diabetes were female. All serum samples had been
processed promptly after collection and stored at 2–8°C
for a maximum of 48 h before freezing at −70°C. Besides
the sera from the patients with recurrent ovarian cancers,
who underwent primary debulking surgery followed by
routine combined chemotherapy, all other sera were
obtained before treatment and surgery. This study was
approved by the Institutional Review Board of Johns
Hopkins Medical Institutions.

Expression and Purification of Recombinant Proteins

A cDNA fragment encoding the N-terminal domain of
human annexin A11 (ANXA11N, amino acid residues 1–
175) was obtained by cutting the full-length cDNA clone
pGADGH-annexin A11 with Bg/II and inserting it into the
BamHI site of glutathione S-transferase (GST) fusion vector
pGEX-4T-2 followed by insertion of a synthetic oligonu-
cleotide block at the NotI site to add a hexahistidine (× His)
tag at its C-terminus. E. coli BL21 cells were transformed
with the resultant plasmid (pGST-ANXA11N) [15]. The
fusion protein of GST-ANXA11N was expressed in E. coli
BL21 cells and purified by affinity chromatography using
glutathione-Sepharose 4B (Amersham Biosciences) according
to themanufacturer’s instructions. GST-ANXA11Nwas eluted
from the Sepharose beads with 10 mM reduced glutathione in
50 mM Tris–HCl (pH 8.5) and stored at 4°C until use. The
purity of the recombinant protein was examined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and immunoblot analyses with rabbit anti-GST (Novus
Biologicals) and rabbit anti-annexin A11 (ProteinTech Group)
polyclonal antibodies.

Enzyme-linked Immunosorbent Assay

Purified recombinant protein was diluted in the coating
buffer [1× phosphate-buffered saline (PBS), pH 7.4] to a final
concentration of 12 µg/ml and dispensed to 96-well plates
(MaxiSorp plate, Nalge Nunc International) at 50 µl/well. The
plates were incubated overnight at 4°C. The plates were
blocked with the blocking buffer (5% w/v milk in 1× PBS,
pH 7.4) for 1 h at 37°C (100 µl/well), then washed three
times with the washing buffer (1× PBS, pH 7.4 with 0.05%
v/v Tween 20). Human sera were diluted 1:100 in the
blocking buffer and applied to the plates (100 µl/well), and
the plates were then incubated for 1 h at 37°C, washed three
times with the washing buffer. Horseradish peroxidase-
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conjugated goat anti-human IgG (H+L) antibody (Promega
Corporation) was diluted 1:10,000 in the blocking buffer and
applied to the plate (100 µl/well), and the plates were then
incubated for 1 h at 37°C. After washing three times with the
washing buffer, the plates were incubated with the substrate
solution [tetramethylbenzidine (TMB); KPL Inc.] at 100 µl/well
for 20 min, and the reaction was stopped with the equal volume
of stop solution (0.18 M H2SO4). The absorbance was
measured at 450 nm. Each serum was assayed in triplicate
for the reactivity with GST-ANA11N. Sera from two
individuals with a high titer were pooled as a standard, with
serial dilutions forming the standard curve. The cut-off value
was determined from the mean OD of 77 healthy control
sera +2 SD.

SDS-PAGE and Immunoblot Analysis

Purified GST-ANXA11N recombinant proteins (200 ng)
were electrophoresed on a 4–15% gradient SDS-PAGE and
electroblotted on nitrocellulose membranes (Bio-Rad).
After blocking with 1× PBS containing 0.05% Tween-20 and
3% non-fat milk for 30 min at room temperature, the
nitrocellulose strips were incubated for 1 h at room tempera-
ture with a 1:200 dilution of serum. The bound autoantibodies
were visualized with horseradish peroxidase-conjugated goat
anti-human IgG (H+L) antibody (1:2,500 dilution; Promega
Corporation) and enhanced chemiluminescence (Amersham
Biosciences). The rabbit anti-GSTand rabbit anti-annexin A11
polyclonal antibodies were diluted at 1:1,000 and 1:600,
respectively.

Absorption of Autoantibodies with Recombinant
GST-ANXA11N

Sera (2 µl) were diluted in 800 µl of the blocking buffer, and
incubated for 2 h at room temperature with 15 µg of GST-
ANXA11N recombinant protein. This mixture was centrifuged
at 10,000×g for 10 min, and the supernatant was then used
for the analysis by ELISAwith GST-ANXA11N recombinant
protein as the coating antigen as described above. Each serum
was assayed in triplicate for the comparison of autoantibody
titers of the pre- and post-incubations.

CA125 Measurement

Serum CA125 levels were measured with a two-site immu-
noenzymometric assay on the TOSOH AIA-600 II analyzer
(Tosoh Bioscience), according to the manufacturer’s protocol.

Statistical Analyses

Statistical significance of results was assessed using the
unpaired t test and the Pearson χ2 test. Differences with

P<0.05 were considered statistically significant. ROC curve
analysis was performed to evaluate the diagnostic potential
of autoantibodies to annexin A11 in primary ovarian cancer
patients. All of the statistical analyses were performed using
Statistica 6.1 (Statsoft) and Analyze-it 1.71 (Analyze-it
Software).

Results

In this study, the recombinant protein of GST fused to the
N-terminal domain (1–175 amino acid residues) of human
annexin A11 was expressed and used as antigen in ELISA.
The purity of the recombinant protein was verified by SDS-
PAGE and immunoblot analyses with rabbit anti-GST and
rabbit anti-annexin A11 polyclonal antibodies (data not
shown). A total of 246 serum specimens were tested for the
presence of autoantibdies against annexin A11, which
includes sera from healthy women (77), patients with
ovarian cancer (72), breast cancer (18), colon cancer (19),
pancreatic cancer (20), prostate cancer (20), and diabetes
(20). A serum pool, which was mixed from two ovarian
cancer patient sera with high anti-annexin A11 autoanti-
body titer, was serially diluted with the blocking buffer and
analyzed by ELISA. As shown in Fig. 1, the dynamic
measurement range of anti-annexin A11 autoantibody titers
spans a more than 16-fold difference. The ranges of anti-
annexin A11 autoantibody titers in different types of human
cancer and diabetes as well as healthy controls obtained
from ELISA are shown in Fig. 2. The experimental results
showed that the overall titer of autoantibodies to annexin
A11 in ovarian cancer patients was found to be much
higher than that in healthy controls (P=0.024). More
specifically, primary ovarian cancer patients showed an
increased anti-annexin A11 autoantibody titer compared to
healthy controls (P=0.017). Although the overall titer of
autoantibodies to annexin A11 in recurrent ovarian cancer
patients was also found to be increased compared with that
of healthy controls or decreased compared with that of
primary ovarian cancer patients, a statistically significant
difference was not reached. There were no significant
differences in anti-annexin A11 autoantibody titers between
other diseases, including breast, colon, pancreatic, and
prostate cancers and diabetes, and healthy controls. At the
cut-off value (mean OD+2 SD of 77 healthy controls),
autoantibodies to annexin A11 were detected in 12.5% (5/
40) of primary ovarian cancer patients with a significant
difference from 2.6% (2/77) in healthy controls (P=0.032).
Autoantibodies were detected in only 6.25% (2/32) of
patients with recurrent tumors which was not significantly
different from healthy controls (Table 1). Autoantibodies to
annexin A11 were also detected in 5.26% (1/19) of colon
cancer and 10% (2/20) of diabetes patients but the
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difference from healthy controls was not statistically
significant. ROC curve analysis demonstrated the potential
diagnostic value of autoantibodies to annexin A11 in
primary ovarian cancer patients with an AUC of 0.62
(0.52–0.73, P=0.011) (Fig. 3).

To validate the ELISA results, all of the ELISA positive
sera were examined by SDS-PAGE and immunoblot
analysis. The sera that were positive in ELISA were also
found to be strongly positive in immunoblot analysis,
whereas the representative ELISA negative sera did not
have positive reactions in immunoblotting (Fig. 4). The
positive sera mainly recognized the annexin A11 related

bands but not GST only bands, which suggested the
specificity of the autoantibodies. The specificity of GST-
ANXA11N as an antigen for ELISA was also confirmed by
the absorption studies (Fig. 5). All of the ELISA positive
sera were pre-incubated with the recombinant protein and
used subsequently for the ELISA. One negative healthy
women serum was also tested as control. Reactivity of the
positive sera decreased substantially after pre-incubation
with GST-ANXA11N, but not in the control serum. There
was a significant difference between the autoantibody titers
of pre- and post-incubations (P<0.001).

Of the 72 ovarian cancer patients, there were 47 cases
with available CA125 measurements (range=18.02 to
21,421 U/ml; mean±SD=2,586.791±5,301.855 U/ml). No
significant correlation between the annexin A11 autoanti-
body titer and CA125 measurement was observed
(r=0.204, data not shown).

Discussion

Circulating autoantibodies against tumor-associated anti-
gens have been observed in patients with different types of
cancer and may serve as biomarkers for the screening,
diagnosis, prognosis, or monitoring of cancer [1–3]. For
example, the autoantibody to p53 is detectable in serum and
may predict subsequent development of cancer [3, 16].
However, so far the clinical utility of tumor-associated
autoantibodies has been hampered by the low frequencies
to each particular antigen and the heterogeneity of anti-
bodies in cancer patients. It is not clear why only a subset
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Fig. 1 Dynamic measurement range of anti-annexin A11 autoanti-
body titers in serum. A serum pool with high anti-annexin A11
autoantibody titer was serially diluted with the blocking buffer and
analyzed by ELISA. As shown, the dynamic measurement range of
anti-annexin A11 autoantibody titers spans a more than 16-fold
difference. X-axis, serum dilution factor; Y-axis, signal in OD value
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Fig. 2 Scatter plot of anti-annexin A11 autoantibody titers in different
types of human cancer. The ranges of anti-annexin A11 autoantibody
titers in different types of human cancer and diabetes as well as
healthy controls obtained from ELISA were shown here. The Y-axis
represents the relative anti-annexin A11 autoantibody titers. The X-
axis represents the type of serum samples: Healthy, healthy women;
OvCa, ovarian cancer (Pri, primary tumor; Rec, recurrent tumor);

BrCa, breast cancer; CoCa, colon cancer; PaCa, pancreatic cancer;
PrCa, prostate cancer; Diab, diabetes. The mean and 2 SD of 77
healthy women sera were indicated by horizontal lines. The overall
titer of anti-annexin A11 autoantibodies in ovarian cancer patients (or
primary tumors only) was found much higher than that in healthy
controls (P<0.05)
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of patients with a tumor type develop a humoral response to
a particular antigen. Studies of these autoantigens/autoanti-
bodies could be used to understand how cellular proteins
become immunogenic and drive an immune response in
cancer. Such tumor-associated antigens may also have
utility in immunotherapy against the disease.

The occurrence of autoantibodies against different
annexin members has been reported before [4, 9–12, 17].
Annexin A11 was initially identified as an autoantigen in
4.1–10.1% of patients with various systemic autoimmune
diseases, but not in healthy controls [9–12]. Although
autoantibodies to other annexins seem to be primarily of the
IgM isotype, anti-annexin A11 reactivity is mostly of IgG
isotype, demonstrating that annexin A11 is a distinct
autoantigen compared to other members [10]. These
observations suggested that anti-annexin A11 autoanti-
bodies were generated via an antigen-driven mechanism,
like other well-defined disease specific autoantibodies, but
not simply due to polyclonal B cell activation or due to
chronic inflammation. Misaki et al. [10] showed that a
mutant lacking a substantial region of the C-terminal part
(amino acid 315–505) of the annexin A11 molecule was
recognized by all anti-annexin A11 positive sera from
patients with systemic autoimmune diseases as efficiently
as the full-length protein. Moreover, mutants containing
only (part of) the annexin A11 specific sequences (amino
acid 1–191 and 1–123) showed the same behavior, strongly
suggesting that the major epitope(s) recognized by all
patient sera reside in the N-terminal, annexin-specific part
of the protein [10]. In the present study, the recombinant
protein of GST fused to the N-terminal domain (amino acid
1–175) of human annexin A11 was expressed and used as
antigen in the ELISA development, and a total of 246 sera
from patients with different types of cancer, diabetes, and

healthy women were examined for the presence of autoanti-
bodies to annexin A11.

The experimental results showed that the overall titer of
autoantibodies to annexin A11 in ovarian cancer patients
(or primary tumors only) was found to be much higher than
that in healthy controls (P<0.05). At the cut-off value
(mean OD+2 SD of healthy controls), autoantibodies to
annexin A11 were detected in 12.5% of primary ovarian
cancer patients with a significant difference from 2.6% in
healthy controls (P<0.05), compared to only 6.25% of
patients with recurrent tumors. ROC analysis demonstrated
the potential diagnostic value of autoantibodies to annexin
A11 in primary ovarian cancer patients with an AUC of
0.62 (0.52–0.73, P<0.05). Recently, we reported that
annexin A11 is associated with cisplatin resistance and
related to tumor recurrence in ovarian cancer patients [14].
Using immunohistochemical staining, the expression level
of annexin A11 in first recurrence, post-chemotherapy
ovarian cancers was found much lower than that in primary,
pre-chemotherapy ovarian cancers [14]. Taken together, the
anti-annexin A11 autoantibody titer in sera of ovarian
cancer patients seems coincident with the annexin A11
expression level in tumor tissues. Our study suggested that
anti-annexin A11 autoantibodies frequently occur in prima-
ry ovarian cancer patients in contrast to healthy controls;
might appear through a similar antigen-driven mechanism
in autoimmune diseases; and may be involved in the
pathogenesis of ovarian cancer.
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Fig. 3 ROC curve analysis. ROC curve analysis demonstrated the
potential diagnostic value of autoantibodies to annexin A11 in primary
ovarian cancer patients with an AUC of 0.62 (0.52–0.73, P=0.011)

Table 1 Frequency of autoantibodies to annexin A11 in different
types of human cancer

Cancer No. of patients Positive (%)a

Ovarian 72 7 (9.72%)

Primary 40 5 (12.5%)*

Recurrent 32 2 (6.25%)

Breast 18 0 (0)

Colon 19 1 (5.26%)

Pancreas 20 0 (0)

Prostate 20 0 (0)

Diabetes 20 2 (10%)

Healthy 77 2 (2.6%)

The cut-off value designating positive reaction was the mean OD of
77 healthy women sera+2 SD
aP value relative to healthy controls: *P<0.05
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Immunogenicity may depend on the level of expression,
posttranslational modification, or other types of processing
of a protein, the extent of which may be variable among
tumors of a similar type. Annexins are known to undergo
posttranslational modification including glycosylation [18]
and phosphorylation [8, 19]. The N-terminal region of
annexin A11 has been proposed to be responsible for its
autoantigenicity [10], nuclear localization [20], and tyrosine
phosphorylation [8]. A potential N-linked glycosylation site
is present at position 60 from the N-terminal of annexin
A11 (prediction of N-glycosylation sites using NetNGlyc
1.0 Server at http://www.cbs.dtu.dk/services/NetNGlyc/).
Immunoreactivity against annexin A1 has been found to
be dependent on N-glycosylation of the protein [4]. Other
factors that influence the immune response may include
variability among individuals and tumors in major histo-
compatibility complex molecules [21, 22]. Consistent with
our observations, autoantibodies against some annexins
were also shown to occur quite frequently in sera from
patients with malignant melanoma [23], lung cancer [4],
and breast cancer [17]. It was reported that IgG autoanti-
bodies reacting with the amino acid 41–74 sequence of
annexin A11 were found in 11% of patients with invasive
breast ductal carcinoma, whereas they were found only in
2% of non-cancer controls [17]. In a recent immunohisto-
chemistry study, annexin A11 was found overexpressed in
primary colorectal cancer and decreased in metastatic
colorectal cancer [24]. In the present study, autoantibodies
to annexin A11 were also detected in 5.26% of colon cancer
and 10% of diabetes patients but the difference from
healthy controls was not statistically significant, possibly
due to the relatively small sample size. Thus, the extent to
which annexin A11 autoantibodies may occur in tumor
types other than ovarian cancer requires further investiga-
tions, particularly in cancer types in which increased
annexin A11 has been observed, as in the case of breast
cancer [17] and colon cancer [24].

Conclusion

We present the first report of a convenient method to detect
anti-annexin A11 autoantibodies in patients with different
types of cancer. This study suggested that anti-annexin A11
autoantibodies frequently occur in primary ovarian cancer
patients in contrast to healthy controls, and might appear
through a similar antigen-driven mechanism in autoimmune
diseases. These pilot study findings should be followed up
in a larger case–control cohort of ovarian cancer patient
sera to test the hypothesis that anti-annexin A11 autoanti-
bodies may be involved in the pathogenesis of ovarian
cancer.
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Fig. 5 Absorption of autoantibodies with recombinant GST-
ANXA11N. Sera were diluted in the blocking buffer, and incubated
for 2 h at room temperature with GST-ANXA11N recombinant
protein. This mixture was centrifuged at 10,000×g for 10 min, and
the supernatant was then used for the analysis by ELISA with GST-
ANXA11N recombinant protein as coating antigen. N1, one healthy
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autoantibody titers of pre- and post-incubations (P<0.001)

Fig. 4 Immunoblot analysis.
Representative reactivity of
negative and positive sera in
Western blotting against purified
GST-ANXA11N recombinant
protein. Lane 1, ladder; lane 2,
healthy women serum, negative;
lanes 3–6, four positive ovarian
cancer sera; lanes 7–8, two
positive diabetes sera
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