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Abstract

Apurinic/apyrimidinic endonuclease 1 (APE1), which has the dual functions of both DNA repair and redox activity, has been
reported to be highly expressed in non-small cell lung cancer (NSCLC), and this appears to be a characteristic related to
chemotherapy resistance. In this study, we identified serum APE1 autoantibodies (APE1-AAbs) in NSCLC patients and
healthy controls by immunoblotting and investigated the expression of APE1-AAbs by indirect ELISA from the serum of 292
NSCLC patients and 300 healthy controls. In addition, serum APE1-AAbs level alterations of 91 patients were monitored
before and after chemotherapy. Our results showed that serum APE1-AAbs can be detected in both NSCLC patients and
healthy controls. Serum APE1-AAbs were significantly higher than those of healthy controls and closely related to APE1
antigen levels both in tumor tissues and the peripheral blood. Moreover, the change in levels of serum APE1-AAbs in NSCLC
is closely associated with the response to chemotherapy. These results suggest that APE1-AAbs is a potential tumor marker
and predictor of therapeutic efficacy in NSCLC.
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Introduction

With its increasing incidence and mortality, lung cancer has

become the largest cause of cancer deaths and a challenging

clinical problem worldwide [1,2]. Non-small cell lung cancer

(NSCLC) is the main type of lung cancer, which is often diagnosed

at an advanced stage so that patients have little prospect of

effective and curative treatment, and this manifests with 5-year

survival rates of ,15% [3].

Screening for early NSCLC biomarkers, development of

therapeutic efficacy predictors, and new drugs are vital factors in

improving both the patients’ prognoses and survival [4,5].

However, the present biomarkers and predictors for NSCLC still

lack adequate sensitivity and specificity [6]. The carcinoembryonic

antigen is one of the most widely-studied tumor markers in

NSCLC, with an overall sensitivity of only approximately 40% [7].

Some new serum marker candidates such as vascular endothelial

growth factor, stem cell factor, angiogenic cytokines, and

hepatocyte growth factor/scatter factor may be potentially

important, but most of them have not been established to be

independent clinical prognostic indicators [8]. Therefore, more

studies are required to discover novel biomarkers for assisting in

the screening of NSCLC, which will greatly improve the

therapeutic outcome of this malignant disease [9].

Circulating antibodies against tumor-associated antigens (TAAs)

are a class of new serum biomarkers showing highly interesting

properties, especially in early diagnosis for cancers. Autoantibodies

are present in the serum of patients at an early stage when tumors

cannot be clinically detected, even before TAAs can be detected

[10,11]. The persistence and stability of serum autoantibodies are

primary advantages over other currently used serum biomarkers

[12]. They show a longer lifetime (t1/2 between 7 and 30 days) in

serum compared with TAAs, are highly stable in blood, and are

not subject to proteolysis like other polypeptides [13,14].

Moreover, as biochemically well-known molecules, antibodies

can be detected by many available reagents and techniques both

simply and cheaply. Over the past few years, an increasing articles

have demonstrated that monitoring persons at increased risk of

cancer for the presence of serum autoantibodies may allow early

detection and/or prognosis in different cancers, including NSCLC

[15–19]. Autoantibodies to p53, NY-ESO-1, survivin and CAGE

have been shown to be diagnostic biomarkers for lung cancer

patients [20–22].

Apurinic/apyrimidinic endonuclease 1 (APE1), which has the

dual functions of both DNA repair and reduction-oxidation

(redox) activity, is the major AP endonuclease of the base excision

repair pathway. It plays an important role in the progression of

NSCLC, as well as maintaining genome stability [23]. Elevated

and ectopic expression of APE1 in tumor tissues is closely linked to

PLOS ONE | www.plosone.org 1 March 2013 | Volume 8 | Issue 3 | e58001



poor prognosis and chemo- and radio-resistance in NSCLC [24–

26]. Recently, Katsumata et al first identified APE1 autoantibo-

dies (APE1-AAbs) in serum from systemic lupus erythematosus

patients [27], but we have little knowledge about APE1-AAbs in

NSCLC. We postulate that abnormally abundant or ectopic APE1

protein from tumor tissues may enter into serum and that APE1-

AAbs might be detected in the peripheral blood of these NSCLC

patients.

In this study, we detected APE1-AAbs using both immunoblot-

ting and ELISA assay, then investigated the correlation among

APE1-AAbs, serum APE1 antigen and the expression of APE1

protein in tumor tissues. Furthermore, we evaluated APE1-AAbs

diagnostic value and the correlation with therapeutic efficacy in

NSCLC patients. To our knowledge, this is the first report

identifying serum APE1-AAbs in lung cancer.

Materials and Methods

Patients
This study was approved by the Ethics and Research

Committee of the Daping faculty of Medicine, Third Military

Medical University, China and written informed consent was

obtained from all patients and healthy controls. Serum samples

were obtained from 292 NSCLC patients and 300 healthy controls

from January 2007 to June 2008. The demographic features and

clinical characteristics of the studied groups are illustrated in

Table 1. Ninety one patients who received two cycles of platinum-

containing regimen were monitored before and after chemother-

apy. The histopathological assessment was carried out separately

by two pathologists, and then a consensus was made on discordant

assessments. The staging system was carried out according to the

2003 AJCC classification. Therapeutic efficacy was defined by

Response Evaluation Criteria in Solid Tumors, which classify the

response into four categories: complete response (CR), partial

response (PR), stable disease (SD) and progressive disease (PD).

For data analysis, CR and PR were combined as responders who

were sensitive to chemotherapy, while SD and PD were grouped

as non-responders. Patients were excluded if they had immuno-

logic disorders, evidence of acute or recent (,2 months) infection,

recent major trauma, surgery, or treatment with immunosuppres-

sive agents.

Serum Collection
Peripheral blood samples were obtained from the healthy

controls and from the patients after diagnosis but prior to any

operations. For the 91 NSCLC patients treated with two cycle of

platinum-contained chemotherapy, serum samples were obtained

before chemotherapy and one month after chemotherapy. The

whole blood samples were promptly centrifuged at 3000 rpm for

15 minutes and the supernatant stored at 280uC until use.

Cell Culture
Human lung adenocarcinoma cells (A549) were purchased from

American Type Culture Collection (Manassas, VA, USA) and

cultured in RPMI 1640 (HyClone, Logan, UT, USA) supple-

mented with 10% fetal bovine serum, 100 units/mL penicillin and

100 mg/mL streptomycin. The cells were grown in 5% CO2 at

37uC.

Dot Blot and Western Blot Analyses
The full-length APE1 fusion protein [with hexahistidine (His)

tag, constructed and purified in our laboratory] was dotted onto

NC membrane. The membrane was blocked for 2 h at 37uC with

blocking buffer (5% BSA in TBST). The membrane was then

incubated at 4uC overnight with serum from patients and healthy

controls diluted 1:500 in blocking buffer. After washing with

TBST, the membrane was incubated for 1 h at 37uC with HRP-

labeled goat anti-human IgG (1:10000 dilution, Sigma, USA).

The expressions of serum APE1-Abbs were analyzed using

Western blot analyses [27]. The protein extracted from A549 cells

and APE1-His fusion protein was separated by 10% SDS–PAGE

and then transferred to NC membrane. The membrane was

blocked for 2 h at 37uC with blocking buffer. The membrane was

then incubated at 4uC overnight with monoclonal anti-human

APE1 antibody (1:5000 dilution) and serum from lung cancer

patients and healthy controls (1:500 dilution). The membrane was

incubated for 1 h at 37uC with HRP-labeled goat anti-mouse IgG

(1:10000 dilution) and HRP-labeled goat anti-human IgG

(1:10000 dilution).

Enzyme-Linked Immunosorbent Assay (ELISA)
Indirect ELISA was used to detect serum APE1-AAbs and

carried out as follows: (1) Microtiter plates (450,500 ng/cm2, 8

well612 strips, Costar Biosciences Inc, USA) were coated with

100 ml APE1-His fusion protein diluted with coating buffer

(0.1 mol/L carbonate buffer, pH 9.6) at 1.0 mg/ml and incubated

at 4uC overnight; (2) Plates were washed three times using washing

buffer (0.05% PBST), 300 ml/well, then the non-specific sites in

the wells were blocked with 200 ml blocking buffer (5% BSA in

PBS) incubated for 2 h at 37uC; (3) After three washes, 100 ml/
well of serum samples diluted 1:300 were incubated for 1 h at

37uC, PBS was used as the calibration control; (4) The unbound

compounds were washed away, 100 ml/well of HRP-labeled goat

anti-human IgG (working concentration recommend 1:50000

dilution) were incubated for 45 min at 37uC; (5) After washing six

times, 100 ml/well of TMB (Pierce, USA) substrate solution was

incubated for 10 min at 37uC; (6) The enzymatic reaction was

stopped by 2 mol/L H2SO4 (50 ml/well) and then optical density

(OD) was measured by microplate spectrophotometry at reference

wavelength (450 nm). All samples were tested twice in two

separate plates.

Improved sandwiching ELISA was used to detect serum APE1

antigen and carried out as follows: (1) Microtiter plates were

coated with 100 ml mouse anti-human APE1 monoclonal antibody

(1:40000 dilution) incubated at 4uC overnight; (2) the wells were

Table 1. Clinical characteristics and distribution of sera APE1-
AAbs of studied groups.

Characteristics NSCLC (N=292) Healthy (N=300) p

Age

Range 40,91 39,86

Mean 62 60 0.128

Gender

Male 235(80.48%) 232(77.33%) 0.053

Female 57(19.52%) 68(22.67%)

Smoking status

Smoker 188(64.38%) 182(60.67%) 0.198

Non-smoker 104(35.62%) 118(39.33%)

p values were calculated using chi-square test.
doi:10.1371/journal.pone.0058001.t001

Autoantibodies against APE1 in NSCLC
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blocked for 2 h at 37uC; (3) 100 ml/well of serum samples were

incubated for 1 h at 37uC, PBS was used as the calibration control;

(4) 100 ml rabbit anti-human APE1 polyclonal antibody (1:5000

dilution) incubated for 1 h at 37uC; (5) 100 ml/well of HRP-

labeled goat anti-rabbit IgG (1:5000 dilution) were incubated for

45 min at 37uC; (6) After washing six times, 100 ml/well of TMB

substrate solution was incubated for 10 min at 37uC and stopped

by 2 mol/L H2SO4, optical density (OD) was measured by

microplate spectrophotometry at reference wavelength (450 nm).

All samples were tested twice in two separate plates.

APE1 Immunohistochemistry and Scoring
The expression of APE1 protein of NSCLC patients were

analyzed using immunohistochemistry. Slides were cut to 4 mm
sections and incubated with mouse anti-human APE1 monoclonal

antibody (1:2000 dilution). Each specimen’s histologic diagnosis

was confirmed by a pathologist as previously studies with APE1

[26]. Scored by the percentage of cell staining and intensity of

staining as previous studies [28,29], tissues were classified into four

categories: 0, 1, 2 and 3 corresponding to negative, weak,

moderate and strong expression. The score 0 and score 1 were

considered low expression, while score 2 and score 3 were

considered high expression.

Statistical Analyses
The data were expressed as median or mean 6 standard

deviation (SD). Associations between clinical characteristics and

APE1 autoantibodies or antigen were assessed by independent t-

test, chi-square test and one-way analysis of variance. The

association was assessed by Receiver operating characteristic

(ROC) curve was used to evaluate the sensitivity and specificity.

Correlation strength was assessed by the Spearman correlation

test. Associations between the levels APE1-AAbs of pre- and post-

chemotherapy were analyzed by paired t-test. In all calculations,

p,0.05 was regarded as statistically significant. All statistical

procedures were performed by using GraphPad Prism software,

version 5.0 and SPSS software, version 13.0 for Windows.

Results

Identification of Serum APE1-AAbs in Healthy Controls
and NSCLC Patients
Using serum samples for dot blot and Western bolt analyses, we

found that in both NSCLC patients and healthy controls,

autoantibodies in the serum recognized purified APE1-His fusion

protein and APE1 protein in A549 whole cell lyses (Fig. 1A and

1B). In addition, the immunoreactive dot and band signals from

NSCLC patients were stronger than the healthy controls. These

results suggested that APE1-AAbs can be detected in the serum

from both NSCLC patients and healthy controls.

The Distribution of APE1-AAbs in Serum of Healthy
Controls and NSCLC Patients
According to the demographic features and clinical character-

istics of NSCLC patients and healthy controls (described in

Table 1), there was no statistical difference in the distribution of

age, gender and smoking status between the two groups. Indirect

ELISA method was built (described in Fig. S1) and used to detect

the prevalence of serum autoantibodies against APE1. Among 292

NSCLC patients, the mean with SD of APE1-AAbs concentration

was 0.7960.40 (OD450), which was significantly higher than

0.4760.22 (OD450) in healthy controls (p=0.000, t-test) (Fig. 2).

The levels of APE1-AAbs showed a normal distribution.

We also investigated the relationship between APE1-AAbs and

the clinical characteristics. Among 300 healthy controls, the mean

with SD of APE1-AAbs concentration of healthy smokers was

0.4760.01 (OD450), which was no significant difference with the

non-smokers of healthy controls (0.4860.003, OD450) (p=0.679, t-

test). These results suggested that the serum APE1-AAbs levels

seemed not to respond to smoking status. Furthermore, the results

revealed that serum APE1-AAbs of NSCLC patients did not

correlate with clinical parameters like gender, different TNM

stages and histopathological types, including smoking status, as

shown in Table 2 (p.0.05). Although patients at stage IV had

a higher APE1-AAbs positive rate (71/172, 41.28%) than at stage

III (27/81, 33.33%),the difference was not statistically significant

((p.0.05).

The Diagnostic Value of APE1-AAbs in NSCLC
We further explored the potential diagnostic value of APE1-

AAbs in NSCLC. Based on the principle of cutoff value [30], the

cutoff level of APE1-AAbs was calculated as mean+2SD
(0.47+260.22= 0.91) of 300 serum samples from healthy controls.

Thus, 113 (38.70%) NSCLC patients, versus 8 (2.67%) healthy

controls, were defined as APE1-AAbs positive, which indicated

that the difference between the two groups was significant

(p=0.000, chi-square test).

The performance of all serum samples was summarized with an

ROC curve. The predictive performance of APE1-AAbs level was

determined by plotting sensitivity (true positive) against 1-

specificity (false positive) values. For each possible cut-point, the

resulting sensitivity and specificity were indicated as a point on the

graph. The area underneath the curve (AUC) was 0.745 (Fig. 3),

suggesting that the APE1-AAbs was meaningful as a potential

diagnostic biomarker.

Correlation Analysis among APE1-AAbs, Serum APE1
Antigen and APE1 Protein Expression in NSCLC Tissues
Considering that for the APE1-AAbs response to occur, the

APE1 antigen needs to be detected to show their relationship. A

total of 42 NSCLC tissues were investigated the expression of

APE1 protein using immunohistochemistry. APE1 staining was

observed three subcellular locations in tumor tissues: the nucleus

(8/42, 19.05%), the cytoplasm (3/42, 7.14%) and both in nucleus

and cytoplasm (31/42, 73.81%) as shown in Fig. 4 and Table S1.

The serum APE1-AAbs levels of nucleus expression group were no

statistical difference with the ectopic expression group (including

cytoplasm expresssion and nucleus/cytoplasm coexpression)

(p=0.610, shown in Table S1). Six NSCLC cases (15%) showed

strong APE1 expression, 20 cases (50%) and 12 cases (30%)

showed moderate and weak expression, respectively. The high

APE1 expression (score 2 and 3) and low expression (score 0 and 1)

in NSCLC tissues were shown no significant difference among age,

gender, smoking status, histological type and TMN stages (p.0.05,

chi-square test, shown in Table S2), which were the same as the

previously reviews [24,31]. Interestingly, a positive correlation

between serum APE1-AAbs and APE1 protein expression in

NSCLC tissues was found, being statistically significant (p,0.001,

Spearman) and with the correlation coefficient .0.50, as shown in

Table S1.

Furthermore, we analyzed the serum APE1 antigen in 137

NSCLC patients who had been tested for APE1-AAbs using

improved sandwiching ELISA assay. The mean with SD of serum

APE1 antigen concentration was 0.7360.41 (OD450), and there

was no significant difference between serum APE1 antigen and

clinical characteristics (p.0.05, shown in Table S3). As expected,

we found APE1 antigen and APE1-AAbs in peripheral blood were

Autoantibodies against APE1 in NSCLC
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also positively correlated, with the correlation coefficient being

.0.50 and statistically significant (p,0.001, Spearman). These

findings suggested that the expressions of APE1 autoantibodies

were closely related to the APE1 antigen levels.

Increase of Serum APE1-AAbs between Pre- and Post-
chemotherapy is Associated with Therapeutic Efficacy
To determine the correlation between serum APE1-AAbs level

and therapeutic response, the APE1-AAbs levels between pre- and

post-chemotherapy were analyzed in 91 NSCLC patients who

received 2 cycles of platinum-based regimen. Generally, serum

APE1-AAbs level significantly increased after chemotherapy

(p=0.008) (Fig. 5A). Among 91 patients, 11 (12.09%) patients

achieved PD, 38 (41.76%) patients achieved SD, 30 (32.97%)

patients achieved PR, and 12 (13.19%) patients achieved CR. Pre-

chemotherapy serum APE1-AAbs of patients who were sensitive to

chemotherapy were significantly lower than that of non-respon-

ders (p=0.000) (Fig. 5B). Serum APE1-AAbs of responders after

chemotherapy were significantly increased (p=0.000), while

APE1-AAbs of non-responders did not change significantly

(p=0.393), as shown in Fig. 5 and Table 3.

Figure 1. Dot blot and Western blot for identifying serum APE1-AAbs. A, Representative results of detection of sera APE1-AAbs by dot blot
assay. Lanes 1,5: serum of healthy subjects. Lanes 6,10: serum of NSCLC patients. B, Serum APE1-AAbs of healthy and NSCLC patients were
detected by Western blot analysis. Lane M, protein molecular weight markers; APE1, APE1 fusion protein with His tag; A549, total cell protein
extracted from A549 cells; Anti-His, APE1 fusion protein detected by His antibody.
doi:10.1371/journal.pone.0058001.g001

Figure 2. Serum APE1-AAbs level in NSCLC patients and
healthy subjects assessed by ELISA. Among 292 NSCLC patients,
the mean with SD of APE1-AAbs concentration was 0.7960.40 (OD450),
which was significantly higher than 0.4760.22 (OD450) in healthy
volunteers (p=0.000, t-test).
doi:10.1371/journal.pone.0058001.g002

Autoantibodies against APE1 in NSCLC
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Discussion

Experimental studies have shown that autoantibodies are

potential biomarkers for early cancer diagnosis and predictors

for treatment response. However, because autoantibodies are part

of the normal immune response, candidate autoantibodies for

early cancer detection and prognosis of cancers should be against

oncogenic-related antigens. In this regard, autoantibodies to DNA

repair proteins are promising candidates. DNA repair proteins

play critical roles not only in maintaining genomic stability but

also in the progression of lung cancer [32,33]. Both antigens and

autoantibodies to antigens involved in DNA repair pathways, such

as p53 [34–36] and Ku [37–39], have been highlighted as factors

involved in tumorigenesis and as biomarkers in lung cancer, breast

cancer, and leukemia.

As one of the DNA repair proteins, APE1 also plays an

important role in cell survival, and its high expression is correlated

with tumor characteristics [40,41]. Having the dual functions of

both DNA repair and redox activity, it is not only responsible for

repairing DNA AP sites caused by oxidative and alkylation

damage in order to maintain genomic integrity [42], but also

functions as a redox factor regulating the DNA binding activity of

transcription factors such as p53, NF-kB and AP-1 that play

crucial roles in suppression of carcinogenesis and tumor pro-

gression [43,44]. Using RT-PCR and immunohistochemical

staining, previous studies have shown that changes in APE1

expression levels and/or patterns in NSCLC tissues and peripheral

blood occurred in the early period of tumorigenesis and were

closely related to tumor development, progress, and unfavorable

prognosis [31,45,46]. These studies suggested that APE1 antigen

could be a candidate for cancer screening, early auxiliary

diagnosis, and prognostic and predictive evaluation in many

cancer tissues including NSCLC [47,48]. The present study

validates an assay for the detection of APE1 autoantibodies both in

the peripheral blood of NSCLC patients as well as healthy

controls. Using immunoblotting and ELISA assay analysis, we

showed that APE1 is a specific autoimmune antigen that

stimulates organisms to generate anti-APE1 antibodies. Statisti-

Table 2. Association of serum APE1-AAbs level with clinical characteristics among NSCLC groups.

Patients Characteristics N (%)
APE1-AAbs level
(OD450) p Positive N (%) p

Age

,60 135 0.7860.39 0.905 55 (40.74%) 0.506

$60 157 0.7860.40 58 (36.94%)

Gender

Male 235(80.48%) 0.8060.38 0.354 93(39.57%) 0.650

Female 57(19.52%) 0.7460.45 20(35.09%)

Smoking status

Smoker 188(64.38%) 0.8060.39 0.445 75(39.89%) 0.617

Non-smoker 104(35.62%) 0.7660.41 38(36.54%)

Histological types

Adeno 116(39.73%) 0.8060.39 *0.505 45(38.79%) *0.805

Squamous 166(56.85%) 0.7760.41 62(37.35%)

LCLC 2(0.68%) 0.6260.01 0(0.00%)

Others 8(2.74%) 0.9260.13 6(75.00%)

TNM stage

I+II 39(13.36%) 0.7260.37 a0.436 15(39.32%) a0.683

III 81(27.74%) 0.7860.37 b0.626 27(33.332%) b0.269

IV 172(58.90%) 0.8060.41 c0.221 71(41.28%) c0.857

Total 292 (100%) 0.7960.40 113(38.70%)

Adeno: adenocarcinoma; LCLC: large cell lung cancer. Independent t-test and ANOVA were used to analyze associations between the APE1-AAbs level (OD) and clinical
characteristics. Chi-square test was used to analyze associations between the APE1-AAbs positive and clinical characteristics.
*Adeno versus Squamous; a: I+II versus III; b: III versus IV; c: I+II versus IV.
doi:10.1371/journal.pone.0058001.t002

Figure 3. Receiver operating characteristic curves for APE1-
AAbs level for NSCLC detection. Serum concentrations of APE1-
AAbs levels among 292 NSCLC patients and 300 healthy controls were
determined by ELISA. The diagnostic potentials of APE1-AAbs were
assessed by ROC curves. The AUC value was 0.745.
doi:10.1371/journal.pone.0058001.g003

Autoantibodies against APE1 in NSCLC
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cally significant associations between APE1-AAbs and NSCLC are

demonstrated for the first time.

The mechanism of how the APE1 protein triggers the immune

response is still not entirely clear. We presume the possible

mechanism is: the majority of tumor tissues have APE1 over-

expression and translocation. The tumor cell multiplication is

excessively quick. With spontaneously continual cell apoptosis and

necrosis, a large number of cellular proteins are released into the

blood and can not be timely removed. The immune system senses

the cellular proteins which are overexpressed in carcinogenesis,

cytoplasmic translocalization, disregulated stabilization, and mu-

tation or altered degradation and subsequently produces auto-

antibodies in response to the presence of these aberrant antigens

[49]. Thus, we tried to verify whether various APE1 expression

location could contribute to APE1-AAbs generation, but the result

showed that the levels of serum APE1-AAbs between the nucleus

expression group and the ectopic expression group was no

difference (p=0.610). This result should be investigated in a bigger

sample size in future. Considering that tumor burden might

induce a high level of APE1-AAbs, we will also investigate the

APE1-AAbs before and post surgery in our further studies to

proving this hypothesis.

In our study, the presence of APE1-AAbs showed the possibility

of use as a biomarker for NSCLC. The finding of APE1-AAbs

expression in the serum of 38.70% (113/292) of NSCLC patients

was statistically significantly higher than that of healthy controls

(2.67%, 8/300) (p=0.000). The value of the area under the ROC

curve of APE1-AAbs was 0.745, meaningful for a predictive

model, because in ELISA detection, an AUC value of 0.7,0.9

(70%,90%) indicates moderate association between prediction

and true outcome [50]. Moreover, the APE1-AAbs proved to

correlate well with APE1 antigen levels both in NSCLC tissues

and peripheral blood in the present study. We noted that the

correlation between APE1 mRNA expression in NSCLC tissues,

normal tissues and blood had been demonstrated to be signifi-

cantly correlated, which suggested that measurement of mRNA

levels of APE1 in peripheral blood samples could instead of tissue

samples to determine prognostic and predictive factors in NSCLC

[31]. Accordingly, we could allow to test simply with APE1-AAbs

in peripheral blood samples instead of tissue samples to determine

diagnosis and prognostic factors in NSCLC patients.

However, although promising, these novel findings require

further investigation and careful interpretation in order to reach

decisive conclusions because the difference of serum APE1-AAbs

levels between NSCLC and healthy controls was not very high.

Figure 4. APE1 protein expression in NSCLC tissues. Representative APE1 immunostaining of NSCLC tissues. APE1 staining was observed three
subcellular locations in tumor tissues: the nucleus, the cytoplasm and both in nucleus and cytoplasm. Samples were scored as follows: 0, absence or
positive cell percentage less than 25%; 1, positive cell percentage between 25% and 50%; 2, positive cell percentage between 50% and 75%; 3,
positive cell percentage more than75%.
doi:10.1371/journal.pone.0058001.g004

Figure 5. Distribution of serum APE1-AAbs before and after chemotherapy. The serum APE1-AAbs level was much higher in the poor
chemotherapeutic response group than in the good response group (p= 0.000). There was a significant difference in the group with good platinum-
based chemotherapeutic response before and after chemotherapy (p,0.001), while there was no difference in the group with poor platinum-based
chemotherapeutic response before and after chemotherapy (p= 0.393). *before chemotherapy versus after chemotherapy (p,0.001). p value were
obtained after comparing the levels APE1-AAbs of pre- and post- chemotherapy, as determined by paired t-test.
doi:10.1371/journal.pone.0058001.g005

Autoantibodies against APE1 in NSCLC
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The variations of APE1-AAbs in the study population are

extremely high, though the levels of serum APE1-AAbs showed

a normal distribution. The reasons for these are unclear, but may

be related to patient selection, differences in epitope detection, or

the limitations of the array and the nature of autoantibody

responses in cancer. It is worth mentioning that APE1-AAbs in

various cancers, including more extensive samples of lung cancer,

need to be verified in order to establish the clinical significance of

anti-APE1 antibodies. Further studies on whether APE1-AAbs

have diagnostic efficacy or can be usefully combined with other

tumor markers will be summarized in our next study.

Histology is a basic diagnostic indicator in NSCLC patients

[51]. As a phenotype, it can be more reproducible and consistent

compared to information on smoking habits, especially in this kind

of retrospective study [23]. Mitsudomi et al reported that p53

autoantibodies were significantly more prevalent in patients with

squamous cell carcinoma (27%) than in those with adenocarcino-

ma (15%) (p =0.05), while there was also a statistically significant

difference in the incidence of p53 autoantibodies between the early

disease group (stage I and II) (14%) and the advanced disease

group (stage IIIa,IV, 30%) (p = 0.0079) [52]. Villin1 and CK18

autoantibodies are considered to be useful markers in lung

adenocarcinoma [53]. Therefore, we investigated the relationship

between levels of APE1-AAbs and lung cancer histotype. We

found that the level of serum APE1-AAbs did not correlate with

histopathological types (squamous cell carcinoma or adenocarci-

noma) and different TNM stages or clinical parameters such as

gender and smoking status. These data were similar to previous

studies of APE1 protein in lung cancer tissues [31,54].

High expression of APE1 protein has been reported to closely

associate with cisplatin resistance in ovarian cancer [29], head and

neck squamous cell cancer [31], and NSCLC [26]. The data in

this manuscript further confirm this relationship between APE1

and platinum-based chemoresistance. Before chemotherapy, we

observed that the APE1-AAbs levels of the CR+PR groups which

were sensitive to platinum-based treatment were significantly

lower than that of the SD+PD groups which were resistant to

chemotherapy (p=0.000). Moreover, APE1-AAbs levels were

significantly increased after chemotherapy, especially in the

positive response group (p=0.000). To date, the mechanism of

APE1 involved in resistance to platinum-based chemotherapy

remains unclear. Chattopadhyay et al showed that acetylated

APE1 could stably interact with Y-box-binding protein 1 and

enhance its binding to the Y-box element leading to the activation

of the multidrug resistance gene MDR1 [55]. Wu et al reported

that cytoplasmic APE1 could enhance lung tumor malignancy

through NF-kB activation, suggesting that the combination of

cisplatin with specific redox inhibitors could improve chemother-

apeutic response [56]. We presume that platinum reagents can kill

lung cancer cells, induce cellular necrosis, release APE1 protein

from the tumor burden to the extracellular environment and

circulation, and subsequently trigger the immune response to

develop APE1-AAbs. Theoretically, chemotherapy resistant pa-

tients will have less tumor cells death after treatment, release less

APE1 antigen into the blood and induce to a smaller increase of

serum APE1-AAbs. On the contrary, the patients who are sensitive

to platinum-based chemotherapy should contain more APE1-

AAbs in their peripheral blood after treatment. Moreover, before

chemotherapy, the patients have more APE1-AAbs in their

peripheral blood indicating that more APE1 protein is present in

tumor tissues compared to normal tissue, thereby leading to

resistance to platinum-based treatment. Our data just verified

these points. Therefore, we believe the APE1-AAbs can be used toT
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predict the chemotherapy response in NSCLC before and after

platinum-based treatment.

In conclusion, we identified that autoantibodies against APE1

protein was present in serum both from lung cancer patients and

healthy controls. The level of APE1-AAbs in lung cancer patients

was significantly higher than healthy controls. A statistically

significant correlation was found between APE1-AAbs and APE1

antigen both in NSCLC tissues and peripheral blood. Serum

APE1-AAbs in the positive chemotherapeutic response group was

significantly higher after chemotherapy. The results not only

further support that APE1 expression is closely related to lung

cancer and chemotherapy response, but also provide clues that

APE1-AAbs possess the potential to be a novel serum diagnostic

and predictive marker for lung cancer. Moreover, further work is

underway to both replicate these findings in a study with a larger

cohort in lung cancer and other malignant disease.

Supporting Information

Figure S1 Optimal Serum dilution for ELISA technique.
Optimal dilution was determined by titration technique. Dilution

experiments showed that the APE1-AAbs titer differed from one

patient to another. Two samples (p083487, p084393) from healthy

controls displayed a low titer of APE1-AAbs while another two

samples (p080195, p080643) from NSCLC patients had a high

titer of APE1-AAbs. P080195 sample displayed a positive signal

until diluted to 1:1000, whereas p080643 showed a strong signal

for a dilution of 1:2000. These serum samples could be diluted

1:1000 and still yield a positive signal. The optimal dilution of

serum we selected was 1:300.

(TIF)

Table S1 Association between APE1 protein expression
and serum APE1-AAbs in 42 NSCLC patients. *was

correlation coefficient. The correlation of serum APE1-AAbs

levels between nucleus expression group and ectopic expression

group (cytoplasm expresssion and nucleus/cytoplasm coexpres-

sion) was statistically analyzed by Mann-Whitney.

(DOCX)

Table S2 Association between clinical characteristics
and APE1 protein expression in NSCLC tissues. p values

were calculated using chi-square test.

(DOCX)

Table S3 Association between serum APE1 antigen and
serum APE1-AAbs in 137 NSCLC patients. *was correlation
coefficient.

(DOCX)
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