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Introduction

Breast cancer, the most common cancer in females, has 
been the leading cause of cancer-related deaths in women 
worldwide, and the incidence has increased in recent years 
[1, 2]. Imaging is the primary means of screening for breast 
cancer, but this method routinely fails to detect tiny lesions. 
Recently, tumor biomarkers have been shown to have a func-
tion in predicting the risks of breast cancer recurrence and 
metastasis and response to treatment. For example, in addi-
tion to traditional pathological classification and clinical 
staging, gene microarray analysis or immunohistochemistry 
[to detect the estrogen receptor (ER), progesterone receptor 
(PR), human epidermal growth factor receptor 2 (HER2), 
and cell proliferation marker Ki-67] can be used to divide 
breast cancer into four subtypes: luminal A, luminal B (ER+/
PR+, HER2+), Erb-B2 overexpression (ER−/PR−/HER2+), 
and basal-like (ER−/PR−/HER2−). Based on these different 
molecular subtypes, physicians can more accurately deter-
mine the prognosis and best treatment regimen for individual 
patients [3]. In addition to the foregoing four breast cancer 
biomarkers, carbohydrate antigen 15-3 and 27.29 (CA15-3 
and CA27.29) have also been approved for evaluation of 
the prognosis and treatment of breast cancer [4]. CA15-3 
and CA27.29 are different epitopes on the transmembrane 
glycoprotein expressed by the breast cancer-related gene 
MUC1. Most studies have shown a positive relationship 
between CA15-3 levels and breast cancer recurrence and 
metastasis, and changes in CA15-3 levels are indicative of 
therapeutic effect. Thus, this marker is a good predictor of 
the risk of postoperative recurrence and effectiveness of 
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treatment. However, the sensitivity and specificity of this 
marker in breast cancer are relatively low, which greatly lim-
its its application in early diagnosis of breast cancer [5–7]. 
Carcinoembryonic antigen (CEA) is a type of glycoprotein 
expressed in the digestive tube of the embryonic stage and is 
also widely used as a marker in breast cancer diagnosis and 
treatment, but its low specificity and sensitivity similarly do 
not allow for early detection of breast cancer [8]. Therefore, 
the current clinical use of tumor biomarkers, such as ER, PR, 
Her-2, CA15-3, CA27.29, and CEA, fails to detect early-
stage breast cancer. Early diagnosis and treatment of breast 
cancer can reduce medical costs, control tumor development, 
and improve patient prognosis. Hence, it is necessary to find 
a panel of sensitive and specific biomarkers for early diagno-
sis of breast cancer.

Abnormal expression of certain proteins occurs in tumor 
cells during the process of carcinogenesis. These antigenic 
substances, known as tumor-associated antigens (TAAs), 
trigger immune responses in patients. Specific circulating 
autoantibodies are produced by the host immune system 
to respond to these antigens. A number of studies suggest 
that circulating autoantibodies against tumor-associated 
antigens (TAAs) may be detectable several years before 
radiographic detection or screening is able to identify the 
tumors [9, 10]. Recent studies have highlighted the impor-
tance of circulating autoantibodies against tumor antigens 
as biomarkers in tumor identification, risk assessment, 
and prognosis evaluation [11, 12]. In the present study, we 
probed for a panel of autoantibodies against TAAs (p16, 
c-myc, TP53, and ANXA1) to evaluate its diagnostic value 
in early-stage breast cancer.

Materials and methods

Subjects

Female subjects were selected for both the case and the 
control groups. A total of 102 female patients, including 57 

patients with stage I and II breast cancer and 45 patients 
with stage III and IV breast cancer, as confirmed by radi-
ographic examination and histology, participated in the 
study. All 102 patients had complete clinical information 
and were recruited from the second hospital of Jilin Univer-
sity. Blood samples were taken before any anticancer treat-
ment. One hundred forty-six age-matched healthy female 
subjects (Table 1) were also recruited from local commu-
nities as controls. The clinical diagnosis of breast cancer 
is well established and effective. Clinical interviews and 
imaging examinations were used to exclude patients with 
other tumors and control subjects with a history of tumors. 
Patients with a history of severe autoimmune disease were 
also excluded. All research subjects were of Chinese Han 
origin and provided written informed consent before partic-
ipating in the study. This work was approved by the Ethics 
Committee of Jilin University.

Autoantibody testing

A linear peptide antigen was designed according to the 
computational prediction of human leukocyte antigen class 
II (HLA-II)-restricted epitopes, which can be recognized by 
HLA-II molecules among >90% of the Chinese population. 
The autoantibody specific for TAA was measured using 
a relative enzyme-linked immunosorbent assay (ELISA) 
approach, as described in our recent publication [13–18]. A 
specific binding index (SBI) was used to express the levels 
of circulating autoantibody.

Data analysis

The mean SBI ± SD was used to present data. Microsoft 
Excel 2010 was used to construct a database with individ-
ual SBI values and to graphically analyze the distributions 
of individual autoantibody levels. IBM SPSS Statistics 19.0 
was used to perform Student’s t test to compare testing 
results, such as the SBIs, for each anti-TAA antibody with 
those for the panel of multiple TAA autoantibodies among 
the breast cancer group, stage I and II breast cancer group, 
stage III and IV breast cancer group, and healthy controls. 
Receiver operating characteristic curve (ROC) analysis was 
used to calculate the area under the ROC curve (AUC); 
ELISA detected autoantibodies with >90% specificity.

Results

After testing the expression of p16, c-myc, TP53, and 
ANXA-1 autoantibodies in the breast cancer group, stage 
I and II breast cancer group, stage III and IV breast cancer 
group, and healthy control group (Table  2), p16 autoanti-
body expression was found to be significantly higher in the 

Table 1   Age characteristics of patients in the breast cancer and con-
trol groups

HC healthy control group, BC breast cancer group, BCS I & II stage I 
and II breast cancer, BCS III & IV stage III and IV breast cancer

Group Mean ± SD  
(age in years)

≥55 (n) 45–55 (n) ≤45 (n)

HC (n = 146) 51.01 ± 5.310 42 78 26

BC (n = 102) 50.75 ± 8.938 31 45 26

BCS I & II 
(n = 57)

50.23 ± 8.337 17 27 13

BCS III & IV 
(n = 45)

51.42 ± 9.701 14 18 13
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breast cancer group than in the control group (p = 0.046), 
whereas no differences were found between the stage 
I and II breast cancer group and stage III and IV breast 
cancer group and the healthy control group (p  =  0.100, 
p  =  0.166). Anti c-myc antibody expression showed no 
difference in each of the three groups compared with the 
control group (p  =  0.160, p  =  0.109, p  =  0.586). The 
expression of autoantibodies against TP53 was signifi-
cantly higher in the three groups than in the healthy control 
group (p < 0.001, p < 0.001, p < 0.001). The results of the 
panel of TAAs consisted of the mean of the expression of 
each autoantibody against p16, c- myc, TP53, and ANXA-
1. Autoantibody expression of the panel was significantly 
higher in the breast cancer group, stage I and II breast can-
cer group, and stage III and IV breast cancer group than in 
the healthy control group (p < 0.001, p < 0.001, p < 0.001) 
(Table 2).

Next, ROC analysis was performed on p16, c-myc, 
TP53, and ANXA-1 and on the panel of all four markers to 
assess the diagnostic value of each marker and the panel of 
markers. The sensitivities of detection are listed in Table 3. 
The sensitivity of the panel was significantly higher than 

the sensitivity of any single TAA autoantibody in the breast 
cancer group (33.3%), stage I and II breast cancer group 
(31.7%), and stage III and IV breast cancer group (33.3%) 
(Fig. 1; Table 3).

HER2, ER, PR, and Ki-67 are also critical biological 
determinants in breast cancer molecular subtyping. Thus, 
we included them in the correlation analysis. Because some 
of the collected samples were from patients who were diag-
nosed with breast cancer for the first time, many patients 
did not complete molecular subtyping diagnosis. The anal-
ysis results showed that four types of autoantibodies did 
not significantly associate with HER2, ER, PR, and Ki-67. 
Thus, these results were not shown.

Discussion

As early as 1955, Baldwin et  al. confirmed the tumor 
monitoring and killing effects of the immune system [19]. 
Immune responses induced by tumor extracts can destroy 
tumor tissues and maintain the growth of nonrecurrent 
tumors in animal models. In the same year, Graham et al. 
detected 48 cases of serum antibody titers of gynecologi-
cal tumor patients (including cervical cancer and ovarian 
cancer), found significantly increased antibody titers in 
12 patients, and first proposed the “antibody” as a tool for 
the diagnosis of cancer [20]. Qiu et al. applied protein chip 
technology to detect patient serum samples 1 year before 
diagnosis of lung cancer and found significantly increased 
autoantibodies to annexin 1, 14-3-3 theta, and LAMR1 in 
patients without any clinical symptoms [21]. The use of 
autoantibodies against TAAs has drawn increasing atten-
tion. Because of immune surveillance, the autoantibodies 
induced by tumors allow patients to recognize TAAs before 
any clinical signs emerge and can be detected even at very 
low levels [22]. Autoantibodies can be detected in periph-
eral blood serum, furthermore, the samples are stable and 
easy to collect, the detection instrument is very common, 

Table 2   Levels of different circulating autoantibodies in the breast cancer and healthy control groups

HC healthy control group, BC breast cancer group, BCS I & II stage I and II breast cancer, BCS III & IV stage III and IV breast cancer
a  Antibody levels were expressed in specific binding units (SBI) (mean ± SD)

Group p16 c-myc TP53 ANXA-1 Panel of four

Mean ± SD/pa Mean ± SD/p Mean ± SD/p Mean ± SD/p Mean ± SD/p

HC 1.177 ± 0.203 
(n = 146)

1.286 ± 0.259 
(n = 146)

1.174 ± 0.258 
(n = 146)

1.180 ± 0.528 
(n = 146)

1.204 ± 0.179 (n = 146)

BC 1.237 ± 0.251 
(n = 102)/0.046

1.334 ± 0.268 
(n = 102)/0.160

1.340 ± 0.201 
(n = 102)/0.000

1.413 ± 0.357 
(n = 102)/0.000

1.331 ± 0.165 
(n = 102)/0.000

BCS I & II 1.239 ± 0.253 
(n = 57)/0.100

1.351 ± 0.255 
(n = 57)/0.109

1.325 ± 0.197 
(n = 57)/0.000

1.358 ± 0.353 
(n = 57)/0.007

1.325 ± 0.155 
(n = 57)/0.000

BCS III & IV 1.234 ± 0.251 
(n = 45)/0.166

1.312 ± 0.284 
(n = 45)/0.586

1.358 ± 0.206 
(n = 45)/0.000

1.448 ± 0.363 
(n = 45)/0.002

1.338 ± 0.178 
(n = 45)/0.000

Table 3   Receiver operating characteristic (ROC) analysis of autoan-
tibodies in the breast cancer group and subgroups with different 
stages of breast cancer

BC breast cancer group, BCS I & II stage I and II breast cancer, BCS 
III & IV stage III and IV breast cancer
a  Sensitivity against 90.0% specificity of TAAs in the breast cancer 
group and subgroups with different stages of breast cancer

Sensitivi-
tya

p16 (%) c-myc (%) TP53 (%) ANXA-1 
(%)

Panel 
of four 
(%)

BC 27.5 11.8 24.5 17.6 33.3

BCS I & II 26.3 17.5 22.8 15.8 31.6

BCS III & 
IV

28.9 4.4 26.7 20.0 33.3
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and the method is relatively well established, all of which 
make this strategy a potentially effective means of early 
cancer detection and diagnosis.

To achieve auxiliary diagnosis, TAAs detected by 
autoantibodies must be different in different tumor types. 
In our previous studies, we found that single autoantibody 
tests are not very sensitive [14–18]. However, detecting 
autoantibodies against multiple TAAs in a panel signifi-
cantly improved specificity and sensitivity. In our previ-
ous study on TAA autoantibodies in cervical cancer, we 
tested 111 cervical cancer patients and 160 healthy subjects 
using a panel of five TAAs (survivin, cyclin B-1, ANXA-1, 

c-myc, and TP53) and obtained a specificity of 90% and a 
sensitivity of 37.8% [13]. In the present study, we tested a 
panel of autoantibodies, including p16, c-myc, TP53, and 
ANXA-1 in patient serum.

p16 is a cyclin-dependent kinase (CDK) inhibitor that can 
regulate cell-cycle progression from G1 to S phase. Muta-
tion or deletion of the p16 gene can lead to a wide range 
of cancers. In our previous studies, we found that expres-
sion of the p16 gene significantly changed in lung cancer 
and breast cancer [15, 18]. The present results showed that 
expression of the anti-p16 autoantibody was significantly 
higher in the breast cancer group than in the control group, 

Fig. 1   Receiver operating characteristic (ROC) analysis of different 
autoantibodies in patients with breast cancer and different stages of 
breast cancer. a ROC analysis of different autoantibodies in patients 
with breast cancer (AUC of P16, 0.575; c-myc, 0.574; P53, 0.705; 
ANXA1, 0.733; mean, 0.725). b ROC analysis of different autoan-

tibodies in patients with stage I and II breast cancer (AUC of P16, 
0.568; c-myc, 0.584; P53, 0.687; ANXA1, 0.717; mean, 0.714). c 
ROC analysis of different autoantibodies in patients with stage III 
and IV breast cancer (AUC of P16, 0.583; c-myc, 0.561; P53, 0.726; 
ANXA1, 0.753; mean, 0.737)
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but there were no significant differences among the stage 
I and II breast cancer group, stage III and IV breast can-
cer group, and control group. The detection sensitivity of 
p16 autoantibodies in the breast cancer group was 27.5% 
(at 90% specificity), consistent with our previous results 
and higher than the results that we obtained in our non-
small cell lung cancer study [15]. The c-myc gene encodes 
nuclear transcription factors. The proteins encoded by this 
gene are important in the regulation of cell-cycle progres-
sion and cell transformation. Overexpression and mutations 
of the c-myc gene may lead to abnormalities in the regula-
tion of multiple genes and eventually cause the formation 
of carcinomas [23]. Our results showed that serum c-myc 
autoantibody levels were not significantly elevated in the 
breast cancer, stage I and II breast cancer, and stage III and 
IV breast cancer groups, similar to the results of a non-
small cell lung cancer study [24]. TP53 is one of the most 
frequently mutated genes in cancer; the protein is crucial 
in regulating apoptosis and maintaining genomic stability. 
Mutations and epigenetic changes in TP53 are associated 
with a significantly increased risk for a variety of human 
malignancies, including breast cancer, cervical cancer, and 
lung cancer [25–27]. The anti-TP53 antibody has been the 
most frequently studied autoantibody as a diagnostic tool, 
followed by autoantibodies against MUC1, HER2, and cyc-
lin B1 [28]. Our results showed that serum TP53 autoanti-
body levels were significantly higher in the breast cancer 
group, stage I and II breast cancer group, and stage III and 
IV breast cancer group than in the control group, similar 
to the results that we obtained in the cervical cancer study. 
Annexin 1 (ANXA-1), a calcium- and phospholipid-binding 
protein, has general functions in cell differentiation, apop-
tosis inhibition, and proliferation of cancerous cells [29]. 
Abnormal expression of ANXA-1 has been found in many 
types of tumors, including breast cancer [30]. The results 
showed that the serum levels of anti-ANXA-1 autoanti-
body in the breast cancer group, stage I and II breast cancer 
group, and stage III and IV breast cancer group were signifi-
cantly higher than those in the control group, which were 
also similar to the results that we obtained from the cervical 
cancer study [13]. Based on the results, combined analysis 
showed that expression of the panel of anti-TAA autoanti-
bodies was significantly higher in patients with malignant 
tumors, stage I and II breast cancer, and stage III and IV 
breast cancer than in healthy controls. In all groups, sen-
sitivity was significantly higher for the panel than for any 
single autoantibody, reaching 33.3%, 31.6%, and 33.3%, 
respectively. The results suggested that investigation using 
the autoantibody panel is more suitable and consistent than 
single autoantibody analysis.

More recently, multiple studies have confirmed that the 
use of autoantibodies toward autologous TAAs has been 
gathering momentum, as these markers have been detected 

in the asymptomatic stage of cancer and may therefore 
serve as diagnostic biomarkers. In breast cancer, several 
studies of individual TAAs showed that many autoantibod-
ies have high sensitivity, including p53, MUC-1, HSP-27, 
HSP-60, HSP90, HER2/neu/c-erg B2, GIPC-1, c-myc, 
BRCA1, BRCA2, endostatin, lipophilin B, cyclin B1, and 
cyclin D1. Similarly to these reports, we found that the 
sensitivity and specificity of the “autoantibody detection” 
is the maximum limiting factor. Typically, only 10–30% of 
cancer patients elicit a specific humoral response against 
a single TAA [31]. Therefore, several studies have evalu-
ated the usefulness of detecting various autoantibodies as a 
panel to increase the accuracy of a potential diagnostic test. 
Desmetz et al. reported a multimarker signature, combining 
HSP60, MUC1, FKBP52, PPIA, and PRDX2, that reached 
sensitivity, specificity, and accuracy of 72.2%, 72.6%, and 
72.4%, respectively, in breast cancer patients compared to 
healthy individuals [32]. However, in our study, MUC1, 
SOX2, FOXP3, survivin, and so on did not show good sen-
sitivity. To advance the discovery of novel combinations 
of autoantibody biomarkers and improve sensitivity, we 
plan to use four approaches: (1) to design other important 
epitope peptides for key breast cancer-associated genes, 
thereby improving the detection efficiency of the autoanti-
bodies; (2) to use the serological analysis of tumor antigens 
by recombinant cDNA expression cloning (SEREX) for 
further effective screening of overexpressed autoantibodies 
in breast cancer to increase the specificity and sensitivity of 
breast cancer detection; (3) to screen and optimize TAAs 
from this study, further combining multiple TAAs for the 
detection of autoantibodies in breast cancer; and (4) to 
expand sample size and perfect cases of molecular subtyp-
ing, for example, based on HER2, ER, PR, and Ki-67, to 
define the expression of autoantibodies in different clinical 
molecular subtyping samples and improve the specificity of 
autoantibody detection. We expect to be able to effectively 
raise panel sensitivity further through the detection of mul-
tiple TAAs.
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