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Abstract The study was designed to test whether circulating
autoantibodies against associated antigens (TAAs) were al-
tered in early cervical cancer and benign cervical tumors. A
total of 111 cervical cancer patients, 137 cervical benign tu-
mor patients, and 160 healthy volunteers matched in age were
recruited in this study. The expression of autoantibodies was
tested using in-house developed enzyme-linked immunosor-
bent assay (ELISA) with linear peptide envelope antigens de-
rived from TAAs. One-way ANOVA test showed that there
was no difference in the CD25 autoantibody expression
among the cervical cancer group, benign tumor group, and
healthy control group (P=0.063; P=0.191). The expression
of autoantibodies against survivin and TP53 in the cervical
cancer group was significantly higher than that in the benign
tumor group (P<0.001; P<0.001). The levels of autoanti-
bodies against cyclinB-1 and ANXA-1 were higher in the
cervical cancer group than in the healthy control group
(P=0.010; P=0.001), while autoantibodies in the cervical
cancer group showed no difference in expression compared
with that in the benign tumor group. The panel of five TAAs
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showed a sensitivity of 37.8 % and a specificity of 90 %,
which was much higher than the sensitivity of the single-
TAA testing group. The data from this study further support
our previous hypothesis that the detection of autoantibodies
for the diagnosis of a specific cancer type can be enhanced
using a panel of several selected TAAs as target antigens.
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Introduction

Cervical cancer is one of the most common female cancers
worldwide, and the incidence is second only to breast cancer.
In recent years, the incidence of cervical cancer has shown a
regional increasing trend and an earlier onset age [1]. The
pathological types and clinical stages are closely related to
the prognosis of patients with cervical cancer. The early diag-
nosis of patients with cervical cancer is in favor to receive
proper, timely, and effective treatment, control disease pro-
gression, and improve the health and quality of life. Hemato-
logic testing is the simplest invasive examination. A sensitive
and targeted tumor marker for the early diagnosis of cervical
cancer can help clinicians improve the early diagnostic rate.
When a tumor develops, abnormally proliferated tumor
cells will be considered by the immune system as exotic ab-
normal antigens to stimulate immune responses. It has been
demonstrated that cancer sera contain antibodies that react
with a unique group of autologous cellular antigens, and the
above antigens are generally known as tumor-associated anti-
gens (TAAs) [2]. Antigenic changes in cancer cells can be
recognized by the patient’s immune system, which responds
by producing autoantibodies. There are autoantibodies that
react with the unique autologous tissue cells in a patient’s
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serum. Tumor cells may be killed by autoantibodies against
TAAs, achieving the aim of destroying tumors [3]. Based on
the antigen—antibody reaction, TAA autoantibodies could be
detected at a higher sensitivity. Therefore, compared with
TAAs, the detection of TAA autoantibodies is more sensitive
than that of tumor antigen detection in the early tumor diag-
nosis. These autoantibodies can be used to identify aberrant
cellular mechanisms in tumorigenesis and also serve as immu-
nodiagnostic markers for early cervical cancer detection.

Currently, a series of TAAs was identified through proteo-
mic technology and serological analysis of a cDNA expression
library (SEREX). For example, survivin is a member of the
inhibitor of apoptosis (IAP) family, which can inhibit apoptosis,
promote cell transformation, and induce tumor cells to be drug
resistant [4]. CyclinB-1 is one of the main regulatory factors of
the G2/M cell cycle check point. CyclinB-1 can show unsched-
uled expression in tumor cells, which will promote the progres-
sion of the cell cycle, induce tumor cells to proliferate exces-
sively, and lead to cell carcinomatous changes [5, 6]. Annexin I
belongs to the annexin protein superfamily that comprises a
multigene family of Ca®" and phospholipid binding proteins.
It plays a significant role in the development of tumorigenesis
by regulating cell signal transduction [7-9]. c-Myc is a nuclear
transcription factor that is directly involved in the regulation of
DNA replication, cell proliferation, cell differentiation, and ap-
optosis. The excessive accumulation of c-myc protein in a ma-
lignant tumor is closely associated with tumor progression [10,
11]. The wild-type p53 gene is an important tumor suppressor
gene. While mutant p53 becomes a tumor-promoting factor,
which activates tumor cell growth and promotes tumor angio-
genesis [12]. CD25+ T cells can inhibit the immune system and
promote tumor immune escape. Meanwhile, CD25+ T cells are
closely associated with HPV infection [13].

To achieve a feasible auxiliary diagnosis, the tumor anti-
gens of autoantibodies are differentially associated with tumor
types. Additionally, in previous studies [ 14—19], we found that
the sensitivity of single autoantibody detection was low, lack-
ing the support of a single autoantibody as a tumor marker.
Thus, researchers have combined multiple TAAs to detect
autoantibodies in studies [20, 217; this strategy has significant-
ly improved specificity and sensitivity. At present, most stud-
ies contain insufficient samples and shortages of benign tumor
samples. In our study, we have greatly increased the number
of samples. We also compared autoantibody expression be-
tween the benign group and cervical cancer group.

Materials and methods
Subjects

A total of 248 female patients first diagnosed with cervical
cancer, comprising 137 patients with cervical benign tumors
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and 111 patients with malignant tumors, were confirmed by
radiographic examination and histological confirmation with
staging information. All 258 patients had complete clinical
data information and were recruited from the second hospital
of Jilin University. Blood samples were taken prior to any
anticancer treatment. One hundred sixty healthy subjects,
matched in age (Table 1), were also recruited as controls from
the local communities. The clinical diagnosis means of ad-
vanced cervical cancer (including stages III and IV) have been
very mature and effective. The application of clinical inter-
views and imaging examination has been taken to exclude
the patients with any other tumors and control subjects with
a history of any tumors. Among the patient and control
groups, those with a history of severe autoimmune diseases
were excluded. All of the research subjects were of Chinese
Han origin and provided written informed consent to partici-
pate in the study. This work was approved by the Ethics Com-
mittee of Jilin University.

Autoantibody testing

A linear peptide antigen was designed according to the com-
putational prediction of human leukocyte antigen class II
(HLA-II)-restricted epitopes, which can be recognized by the
HLA-II molecules among >90 % of the Chinese population.
The autoantibody specific for TAA was measured using a
relative enzyme-linked immunosorbent assay (ELISA) ap-
proach as described in our recent publication (14—19). A spe-
cific binding index (SBI) was used to express the levels of
circulating autoantibody. SBI = TAA antigen (OD) — NC
(OD)/control antigen (OD) — NC (OD).

Data analysis

The mean=SD in SBI was used to present data. Microsoft
Excel 2010 was used to construct a database with individual
SBI values and to graphically analyze the distributions of in-
dividual autoantibody levels. IBM SPSS Statistics 19.0 was
applied to perform one-way ANOVA test to compare the test-
ing results for each anti-TAA antibody and the panel of

Table 1  Age characteristics of patients in the cervical cancer, benign
tumor, and control groups

Group Mean+ SD >55 (n) 45-55 (n) <45 (n)

HC (n=160) 50.90+5.48 47 81 32

BT (n=147) 45.59+10.83 24 45 78

CC (n=111) 48.81+8.90 28 46 37
CCSI 46.11+8.53 8 15 21
CCSII 50.58+8.74 20 31 16

HC healthy control group, BT benign tumor group, CC cervical cancer
group, CCSI cervical cancer stage I, CCSI/ cervical cancer stage 11
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multiple TAAs in SBI among the cancer group, the benign
group, and healthy control, and to analyze using receiver op-
erating characteristic curve (ROC) analysis for the calculation
of the area under the ROC curve (AUC) with the ELISA
sensitivity against a specificity of >90 %.

Results

After testing the expression of survivin, cyclinB-1, ANXA-1,
c-myc, TP53, and CD25 autoantibodies in the cervical cancer
group, benign tumor group, and healthy control group (Table
2), no difference was found in CD25 autoantibody expression
among the cervical cancer group, benign tumor group, and
healthy control group (P=0.063; P=0.191). The expression
of autoantibodies against survivin and TP53 in the cervical
cancer group was significantly higher than that in the benign
tumor group (P<0.001; P<0.001). The level of autoanti-
bodies against cyclinB-1 and ANXA-1 was higher in the cer-
vical cancer group than in the healthy control group
(P=0.010; P=0.001), while autoantibodies in the cervical
cancer group showed no difference compared with those in
the benign tumor group. The panel of multiple TAAs com-
prised survivin, cyclinB-1, ANXA-1, c-myc, and TP53, but
not CD25. The autoantibody expression of the panel was sta-
tistically higher in the cervical cancer group than in the benign
group and healthy control group (P<0.001; P<0.001; Table
2).

Next, ROC analysis was tested in survivin, cyclinB-1,
ANXA-1, c-myc, and TP53 and the panel of five to assess
the diagnostic value between the case and healthy control
groups. The sensitivities against 90.0 % specificity of TAAs
in the benign tumor group and cervical cancer group are listed
in Table 3. The sensitivity of the panel autoantibody expres-
sion in the cervical cancer group (37.8 %) was significantly
higher than that in the benign tumor group (28.5 %) and was
also higher than any other single TAA autoantibody (Fig. 1
and Table 3). Subgroup analysis of the panel demonstrated
that the sensitivity of the stage I cervical cancer group
(44.2 %) was higher than that of the stage II cervical cancer
group (32.4 %). However, in the benign tumor group, the
panel of five did not show obvious advantages, and the sensi-
tivity was below that of c-myc (34.1 %; Table 3 and Fig. 1).

Discussion

Currently, the early diagnosis of cervical cancer has drawn
increasing attentions. Tiny lesions are often misdiagnosed in
imaging examination, and traditional tumor markers cannot
meet the clinical demand for early diagnosis. Thus, more sen-
sitive autoantibodies against TAAs based on antigen—antibody
theory are of great interest. Most methods to detect

Table 2  Levels of different circulating autoantibodies in the cervical cancer, benign tumor, and healthy control groups

Panel of 5

ANXA-1 c-Myc TP53

CyclinB-1

Survivin

CD25

Mean + SD/P Mean + SD/P Mean £+ SD/P Mean + SD/P Mean = SD/P

Mean + SD/P

Mean + SD/P

0.91640.248 (n=160)

1.116£0.181

1.777+0.647 (n=134)

1.929+0.533

0.933+0.292 (n=134)
1.136+0.248

0.975+0.240 (n=137)

0.988 +£0.222

=97)

0.714+0.248 (n
0.738+£0.219

147)

0.613+0.147 (n
0.646+0.138

1.661+0.594 (n=137)

1.757+£0.590

HC

BT®

(n=137)/0.000

1.166+£0.157

(n=132)/0.037

2.066 +0.465

(n=132)/0.000

1.076 £0.350

(n=129)/0.648

1.088+£0.287

=98)/0.590
0.807+0.250

(n

(n=136)/0.047

0.689+0.174

(n=128)/0.191

1.808 £0.628

CcC*

(n=111)/0.000

1.193+£0.202

(n=109)/0.000

2.200+0.434

(n=109)/0.001

1.051+£0.358

(n=109)/0.001
1.151+£0.369

=98)/0.010
0.797+£0.257

(n

(n=111)/0.000

0.678+£0.164

(n=109)/0.063

1.876 £0.600

CCSI°

(n=43)/0.000

1.150+0.120

(n=43)/0.000

1.982+0.466

(n=43)/0.030
1,091 +0.346

(n=42)/0.005
1.049+0.214

=35)/0.095
0.813+0.247

(n

43)/0.014

(n
0.697+0.181

(n=42)/0.042

1.764 +£0.645

CCSIr®

68)/0.000

(n

66)/0.110

(n

66)/0.001

(n

67)/0.033

(n

63)/0.015

(n

68) /0.000

(n

67)/0.259

(n

HC healthy control group, BT benign tumor group, CC cervical cancer group, CCSI cervical cancer stage I, CCSII cervical cancer stage 11

® Comparison of autoantibody between the benign tumor group and control group
¢ Comparison of autoantibody between the cervical cancer group and control group

#The antibody levels were expressed in SBI (mean =+ SD)
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Table 3 ROC analysis of

autoantibodies in the cervical Sensitivity” CD25 Survivin CyclinB-1 ANXA-1 c-Myc TP53 Panel of 5
cancer group and subgroups with (%) (%) (%) (%) (%) (%) (%)
different stages of cervical cancer
BT 15.6 21.3 6.1 6.2 34.1 9.1 28.5
CcC 14.7 225 133 20.2 20.2 13.8 37.8
CCSI 143 27.9 11.4 26.2 16.3 19.0 44.2
CCsII 14.9 19.1 143 14.9 22.7 10.4 324

BT benign tumor group, CC cervical cancer group, CCSI cervical cancer stage I, CCSII cervical cancer stage 11

? The sensitivity against 90.0 % specificity of TAAs in the benign tumor group and cervical cancer group

autoantibodies utilize ELISA with recombinant proteins.
In our study, autoantibodies against TAAs were detected
by peptide antigen fragments that were designed based on
antigen—antibody binding epitopes. The special method
has been confirmed to be effective in previous reports
[14-19]. Although TAAs have many advantages as tumor
markers, they are not sufficiently sensitive for clinical
application. Consequently, researchers consider a group
of multiple TAAs and use them for the joint detection
and diagnosis of different types of tumors. In the study
on TAA autoantibodies in esophageal cancer, researchers
tested 388 esophageal cancer patients and 125 healthy
subjects using a panel of six TAAs (p53, NY-ESO-1,
MMP-7, Hsp70, Prx VI, and Bmi-1) and obtained a spec-
ificity of 95 % and a sensitivity of 45 % [20]. In the
autoantibody study of breast cancer, they found the sen-
sitivity of detecting a single autoantibody against the
TAAs of Impl, pl6, Koc, survivin, cyclinB-1, and c-
myc to be between 12.8 and approximately 18.4 %, while
the sensitivity and specificity of the panel of six TAAs
achieved 67.3 and 92.2 %, respectively. However, the
study comprised 49 patients with breast cancer and 35
patients with benign breast tumor [22]. The early lung
cancer diagnostic kit EARLY-CDT has been successfully
marketed in North America and Europe. The kit was made
with a panel of six TAAs, including p53, NY-ESO-1,
CAGE, GBU4-5, SOX2, HuD, and MAGE A4. It has a

specificity of 93 % and a sensitivity of 49 % in 165 pa-
tients, values that are almost similar to those of imaging
diagnosis [21]. Therefore, we tested six autoantibodies
against TAAs in our study. To improve the detection rate
of cervical cancer, a panel of multiple TAAs was tested
simultaneously.

We tested six TAA autoantibodies—survivin, cyclinB-1,
ANXA-1, c-myc, TP53, and CD25—all of which are involved
in tumorigenesis. Previous studies have shown that survivin is
expressed increasingly in chronic cervical inflammation, cer-
vical intraepithelial neoplasia (CIN), and cervical cancer [23].
It is a prognostic marker for patients with early cervical can-
cer, in which it is overexpressed [24]. In our study, the expres-
sion of survivin autoantibody was significantly higher in the
cervical cancer group than in the benign tumor group and
healthy control group, findings that are consistent with the
above studies. However, the expression of survivin autoanti-
body was lower in the stage I cervical cancer group than in the
stage II cervical cancer group. CyclinB-1 can promote cell
cycle progression and mitosis, resulting in carcinogenesis [5,
6]. Hoffmann TK et al. found that cyclinB-1 expression was
significantly increased in head and neck cancer [25]. In our
study, we found that the expression of the autoantibody
against cyclinB-1 in the cervical cancer group was statistically
higher than that in the healthy control group but showed no
difference compared with that in the benign tumor group.
Mussunoor S reported that ANXA expression was

Fig. 1 ROC analysis of different '
autoantibodies in patients with
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Right: ROC analysis of different autoantibodies in patients with a benign tumor
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Table 4 Levels of CD3+CD25+
and CD4+CD25+ in the cervical Antibody” Mean+SD CD3+CD25+ Mean+SD CD4+CD25+
cancer, benign tumor, and control -
groups Md P Md P
HC 3.070+0.879 (n=27) 1.492+0.641 (n=27)
BT 3.318+2.416 (n=48) 0.201 0.659 1.563£1.022 (n=48) 0.096 0.682
CcC 3.130+1.632 (n=55) 0.012° 0.978° 1.746£1.031 (n=55) 0.282°, 0.220°
0.188¢  0.609° 0.186¢  0.330°

HC healthy control group, BT benign tumor group, CC cervical cancer group

?The antibody levels were expressed in SBI (mean =+ SD)
b One-way ANOVA test. In the CD3+CD25+ group, F'=0.161, p=0.851. In the CD4+CD25+ group, F=0.906,

p=0.407

¢ Comparison of CD4+CD25+ between the cervical cancer group and control group

4 Comparison of CD4+CD25+ between the cervical cancer group and benign group

significantly higher in patients with invasive tumors [26]. Our
results showed that the autoantibody against ANXA expres-
sion was significantly higher in the cervical cancer group than
in the benign tumor group and healthy control group, and
autoantibody expression was higher in the stage I cervical
cancer group than in the stage II cervical cancer group, a
finding that is also similar to that of our previous study on
lung cancer [18]. HPV infection in cervical epithelial tissue
has been found to be associated with abnormal expression of
c-myec, indicating that c-myc expression was abnormal in
HPV-positive cervical cancer. Moreover, it has been found
that the expression of c-myc showed an increasing trend from
normal cervical tissue, CIN, and cervical cancer, which is
accompanied by abnormal expression of Ki-67, pl16INK4a,
and cyclinB-1 [11]. That the expression of c-myc autoanti-
body increased with staging further validated the above re-
ports. The autoantibody expression of survivin, cyclinB-1,
ANXA-1, c-myc, and TP53 was significantly higher in pa-
tients with cervical cancer than in healthy controls. Addition-
ally, the autoantibody expression of survivin, c-myc, and
TP53 was also statistically higher in the cervical cancer group
than in the benign tumor group, while autoantibodies to
cyclinB-1 and ANXA-1 showed no difference between the
above groups. Based on the results, the panel of multiple
TAAs comprised survivin, cyclinB-1, ANXA-1, c-myc, and
TP53. The autoantibody panel was tested in patients with
malignant tumors, patients with benign tumors and healthy
controls. The results showed that the expression level of the
panel of five was significantly higher in patients with cervical
cancer than in patients with a benign tumor and healthy con-
trols (P<0.001; P<0.001).

It has been reported that CD4+CD25+FOXP3+ T
cells could promote tumor progression in nasopharyn-
geal carcinoma and thyroid cancer [27, 28], and the
proportion of CD4+CD25+ T cells was successively in-
creased in patients with CIN and cervical cancer [13].

Based on the above studies, we tested CD3+CD25+ T
cells and CD4+CD25+ T cells by flow cytometry in 55
patients with cervical cancer, 48 patients with benign
cervical cancer, and 27 healthy controls and found no
significant differences among them (Table 4). Mean-
while, test of CD25 autoantibodies also showed no dif-
ferences among patients with cervical cancer, patients
with a benign tumor, and healthy controls. Although
inconsistent with previous reports, these results fully
confirmed that changes in autoantibody expression of
TAAs in serum may reflect changes in TAA expression
in tumor tissues. Thus, the CD25 autoantibody was ex-
cluded in the panel of multiple TAAs.

The results showed that the expression of the panel TAAs
was significantly higher in patients with malignant tumors
than in patients with benign tumors and healthy controls.
The sensitivity was significantly higher than that of each
single autoantibody, reaching 37.8 % and showing the same
trend of multiple TAAs in other tumors [20-22]. The mech-
anism underlying the increased expression of TAAs is un-
clear and has been suggested to involve (1) the host re-
sponse to TAA, (2) abnormal immune gene regulation in
the process of tumorigenesis, and (3) antigenic stimulation
resulting from destruction of tumor cells [29]. It is worth
noting that, although the results of single TAAs are different
in stage I and II cervical cancer, the level and sensitivity of
the panel were significantly higher in stage I cervical cancer
than in stage II cervical cancer. The sensitivity was 44.2 %
for stage I cancer and 34.2 % for stage II cancer against a
90 % specificity, showing the advantages of TAAs in early
cervical cancer detection. Our results support the previous
hypothesis that the detection of TAA for the diagnosis of a
specific type of cancer can be enhanced using a panel of
several carefully selected TAAs as target antigens, and a
panel of multiple TAAs would be a useful approach in the
detection and diagnosis of cervical cancer.
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