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Abstract. Background: Our previous studies revealed that
concentrations of circulating antibodies to annexin Al
(ANXAI) and forkhead-box P3 (FOXP3) increased
significantly in patients with non-small cell lung cancer
(NSCLC). This study was thus undertaken to replicate our
initial findings with different sample sets. Patients and
Methods: Antibodies were tested in 108 patients with NSCLC
and 216 controls, who were divided into the discovery (49
vs. 108) and validation (60 vs. 108) group based on the time
of enrolment. Results: Analysis of the discovery group
showed a significant increase in circulating anti-ANXAI IgG
levels in the patient group compared with the control group
(p=0.005) but the validation group simply exhibited a trend
toward an increase in 1gG levels in NSCLC (p=0.238),
generating a combined p-value of 0.009. Conclusion: The
findings of this study support the notion that circulating IgG
antibodies to ANXAI could be used as a biomarker for early
diagnosis of NSCLC but failed to replicate such findings for
FOXP3.

Circulating antibodies to particular tumor-associated antigens
(TAAs) have been found to be positive in a certain group of
patients with malignant tumors (1-5), although the TAAs
involved in specific immune responses differ between tumor
types and between individuals with the same tumor type.
Spontaneous tumor-related antibodies have also been
considered as biomarkers for early diagnosis and prognosis
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of malignancies (2, 5-11). The EarlyCDT®-Lung test was the
first autoantibody-based diagnostic tool in lung cancer (12-
14), which was made with a panel of seven TAAs: pS3, NY-
ESO-1, CAGE (also called DEAD box protein 53, DDX53),
GBU4-5, HuD, melanoma antigen gene-A4 (MAGE A4) and
sex determining region Y-box 2 (SOX2). While these seven
TAAs achieved a panel sensitivity of 47% against a
specificity of 90% (13), the positivity in patients with stage
I non-small cell lung cancer (NSCLC) remained under 30%.
It is thus important to identify more TAAs that are suitable
for the development of early diagnostic tools for lung cancer.

Recently, we developed a simple enzyme-linked
immunosorbent assay (ELISA) with linear peptide antigens
for detection of circulating antibodies to TAAs in lung
cancer (15-17). The costs for synthetic peptide antigens are
much lower than those for recombinant proteins used to
develop ELISA antibody tests by most commercial
companies. Therefore, ELISA developed with linear peptide
antigens may promising in future application. In recent
studies, we found that concentrations of circulating
antibodies to synthetic linear peptides derived from annexin
Al (ANXA1) and forkhead box P3 (FOXP3) were
significantly higher in patients with NSCLC than healthy
controls (18, 19). In order to confirm whether the results
using ELISA developed with linear peptides is reproducible,
the present work applied an in-house ELISA with linear
peptides derived from ANXA1 and FOXP3 to replicate the
initial finding in a different collection of samples from
patients with NSCLC.

Patients and Methods

Patients and controls. A total of 109 patients newly diagnosed as
having NSCLC were recruited by the Fourth Affiliated Hospital of
the China Medical University, Shenyang, China, in the period
between March 2013 and November 2014. The patients had a mean
age of 62.1+10.4 years, 70 were male and 39 were female. The 109
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Table 1. Information on peptide antigens used for the development of enzyme-linked immunosorbent assay antibody test.

Antigen Sequence (N --> C) NCBI accession Working solution (pg/ml)
ANXAI H-fntilttrsypqlrrvfgkytlirimvsrseid-OH NP_000691 10
FOXP3 H-iyhwftrmfaffrnhpatwknairhnlslhkd-OH NP_001107849 10
Control H-haqglegrlhdlpgcprevqrgfaatlvtn-OH 1BFA_A 10

ANXAT1: Annexin Al; FOXP3: forkhead-box P3.

patients were divided into a discovery group (n=49), with samples
that were collected during 2013, and a validation group (n=60), with
samples that were collected during 2014. Their diagnosis and tumor
staging were made based on radiographic examination and
histological confirmation; inclusion of patients was restricted to
those with adenocarcinoma and squamous cell carcinoma only.
Blood samples were taken prior to any anticancer treatment. A total
of 216 healthy individuals, well matched in age (59.1+3.5 years)
and smoking history, were also recruited from local communities,
108 of whom were used as controls for the discovery samples and
108 for the validation samples. Clinical interview and radiographic
examination were applied to rule out controls who had a history of
lung cancer or any other malignant tumor. All the participants were
of Chinese Han origin and they all gave their written informed
consent to participate in this study as approved by the Ethics
Committee of the Fourth Affiliated Hospital of China Medical
University (#CMU4H2014026), which conformed with the
requirements of the Declaration of Helsinki.

Autoantibody testing. To detect circulating IgG to ANXAI1 and
FOXP3, an in-house ELISA was developed using linear peptide
antigens derived from ANXA1 and FOXP3, namely human antigens
(hAgs), based on our previous method with modification(18, 19); a
peptide fragment derived from a maize protein (NCBI accession
I1BFA_A) was used as the control antigen (cAg). The sequence
information of these three peptides is given in Table I. Briefly, both
hAgs and cAg were synthesized by solid-phase chemistry with purity
of >95%, and then applied to develop a relative ELISA test for
detection of circulating IgG antibodies to ANXA1 and FOXP3.
Synthetic peptides were dissolved in 67% acetic acid to obtain a
concentration of 5 mg/ml (stock solution kept at —20°C), and were
diluted with phosphate-buffered saline (PBS)-based coating buffer
(P4417; Sigma-Aldrich, St. Louis, MO, USA) containing 0.1%
sodium azide. Coaster 96-Well Microtiter EIA Plates
(ImmunoChemistry Technologies, Bloomington, MN, USA) were
half-coated in 0.1 ml/well of each hAg and half-coated in 0.1 ml/well
of cAg. The antigen-coated 96-well microplate was incubated
overnight at 4°C. After the plate was washed three times with wash
buffer made from Tris-buffered saline with Tween®20 (T9039;
Sigma-Aldrich), 100 pl of plasma sample diluted 1:150 in assay
buffer (PBS containing 1.5% Bovine Serum Albumin) was added and
100 pl assay buffer was also added to the negative control (NC)
wells. Following 2-hour incubation at room temperature, the plate
was washed three times and 100 pl peroxidase-conjugated goat
antibody to human IgG (A8667; Sigma-Aldrich) diluted 1:30000 in
assay buffer was added to each well. After incubation at room
temperature for 1 hour, color development was initiated by adding
100 pl Stabilized Chromogen (SB02; Life Technologies, Camarillo,
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CA, USA) and terminated 25 min later by adding 50 pl Stop
Solution (SS04; Life Technologies). The measurement of optical
density (OD) was completed on a microplate reader within 10 min
at 450 nm with a reference wavelength of 620 nm.

Each sample was tested in duplicate. In order to reduce the
interference from non-specific signal produced by passive
absorption of various IgG 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 and FOXP3.

SBI was calculated as follows:

SBI:(ODhAg - ODNC)/(ODCAg - ODNC)

Statistical analysis. Antibody-testing data are expressed as the
meanzstandard deviation (SD) of SBI. Student’s #-test was applied
to examine the difference in SBI between the patient group and the
control group, and the Fisher’s method of combining p-values as
introduced by Elston (20) was applied to calculate combined p-
values based on two f-tests performed on the discovery samples and
the validation samples. Two-tailed tests were performed for
statistical significance at a level of p<0.05. All statistical analyses
were performed using IBM® SPSS Statistics 22.0 (IBM Corp.,
Armonk, NY, USA). Scatter plot figures of SBI in different groups
were generated using GraphPad Prism® version 5.01 (GraphPad
Software, Inc., La Jolla, CA, USA).

In order to minimize 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. When the ratio was found to be
>15%, the test of this sample was treated as being invalid and was not
used for data analysis. The inter-assay deviation was estimated using a
pooled plasma sample, namely a quality control sample, which was
randomly collected from >100 unrelated healthy individuals.

Results

Analysis of the discovery samples showed a significant
increase in circulating anti-ANXA1 IgG levels in patients
with NSCLC compared with controls (p=0.005), while this
alteration failed to be replicated in the validation samples
(p=0.238), generating a combined p-value of 0.009 (chi-
square=13.47, df=4) (Table II and Figure 1A).

Neither the discovery samples nor the validation samples
showed a significant increase in circulating anti-FOXP3 IgG
levels in patients with NSCLC compared with controls; the
combined p-value was 0.093 (chi-square=7.97, df=4) (Table
II and Figure 1B).
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Figure 1. The mean differences and standard deviations of circulating 1gG antibodies to annexin Al (ANXAI) (A) and forkhead-box P3 (FOXP3)
(B) between lung cancer cases and healthy controls. p-Values shown are from independent t-tests. SBI: Specific binding index.
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Figure 2. The mean differences and standard deviations of circulating 1gG antibodies to annexin Al (ANXA1) (A) and forkhead-box P3 (FOXP3)
(B) between early-stage lung cancer cases and healthy controls. p-Values shown are from independent t-tests. SBI: Specific binding index.

Further analysis was performed to clarify if IgG antibodies
to these two TAAs were significantly increased in early
stages (stages I and II) of NSCLC. As shown in Table III and
Figure 2, Fisher’s combining probability revealed that
patients with early-stage NSCLC had significantly higher
levels of circulating anti-ANXA1 IgG (p=0.009) but not of
circulating anti-FOXP3 IgG (p=0.520) than did controls.

Discussion

The present study replicated our initial findings that
circulating IgG antibodies to ANXA1 were significantly
increased in NSCLC but failed to replicate the FOXP3
finding (Tables II and IIT). This work supports the hypothesis

that circulating IgG antibodies to linear peptide antigens
derived from the ANXAT1 protein may be suitable for the
development of an early diagnostic tool for NSCLC.

The failure to replicate the FOXP3 finding may arise for
many reasons, including sample power, random errors and
sample quality. In our previous work, we recruited a total of
272 patients with NSCLC at the Department of Pulmonary
Oncology, Third Affiliated Hospital of Harbin Medical
University, Harbin, China (18) in order to detect circulating
anti-FOXP3 IgG. Apparently, the sample power in the
previous study was much larger than that in the present
study. Although circulating anti-FOXP3 IgG levels shown in
the present study had a trend toward an increase in both the
discovery samples and the validation samples (Table II), this
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Table II. Levels of circulating IgG antibodies to annexin Al (ANXAI) and forkhead-box P3 (FOXP3) in non-small cell lung cancer. Data are

mean=SD specific binding index values.

Group Patients (n) Controls (n) 1 p-Valueb
Discovery
ANXA1 1.10£0.25 (49) 0.98+0.21 (108) 2.83 0.005
FOXP3 1.30£0.41 (49) 1.20+0.43 (108) 1.51 0.132
Validation
ANXA1 0.75+0.18 (60) 0.72+0.14 (108) 1.183 0.238
FOXP3 0.90+0.26 (60) 0.84+0.24 (108) 1.48 0.141

aStudent’s #-test (two-tailed). PCombining probabilities: anti-ANXA1 IgG level: chi-square=13.47, df=4, p=0.009; anti-FOXP3 IgG: chi-square=7.97,

df=4, p=0.093.

Table II1. The levels of circulating IgG antibodies to annexin Al (ANXAI) and forkhead-box P3 (FOXP3) in early stage non-small cell lung cancer.

Data are mean+SD specific binding index values.

Group Patients (n) Controls (n) I p-Valueb
Discovery
ANXA1 1.09+0.30 (15) 0.98+0.21 (108) 1.59 0.115
FOXP3 1.25+0.34 (15) 1.20+0.43 (108) 0.44 0.659
Validation
ANXAI1 0.81+0.18 (21) 0.72+0.14 (108) 2.61 0.010
FOXP3 0.91+0.23 (21) 0.84+0.24 (108) 1.04 0.302

aStudent’s #-test (two-tailed). PCombining probabilities: anti-ANXA1 IgG level: chi-square=13.54, df=4, p=0.009; anti-FOXP3 IgG chi-square=3.23,

df=4, p=0.520.

change did not reach statistical significance. Based on our
initial study (18), 49 cases vs. 108 controls should have
>90% power to detect any difference in anti-FOXP3 IgG
levels between the patient and control groups, suggesting
that random errors of sampling may contribute to the
inconsistency between these two studies.

Circulating antibodies to linear peptide antigens derived
from the ANXAI1 protein have a potential benefit for use in
early diagnosis of NSCLC. There are more than 100 TAAs
to which circulating antibodies have been analyzed in
patients with cancer and the prevalence of these
autoantibodies ranged from 0 to 69% (1). The linear peptide
antigens derived from these TAAs are useful in developing
a powerful and economical test for antibody signatures in the
circulation among patients with cancer, but further
investigation is needed to replicate initial findings and
validate the reproducibility and precision of this technique.

Conclusion

The main aim of this study was to replicate our initial
findings with different sample sets. The results support the
notion that circulating IgG antibodies to linear peptide
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antigens from ANXAT1 might be used as a biomarker for
early diagnosis of NSCLC but failed to replicate our
previous FOXP3 finding. Most work reported to date has
focused on quantifying either mRNA or proteins in tumor
tissue samples. Because antibody testing is much more
simple, sensitive and reproducible as compared with
quantitative real-time polymerase chain reaction and
immunohistochemical analysis, it is worth carrying out
further investigation to clarify whether circulating antibodies
could serve as a prognostic biomarker.
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