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Proteomic-based identification of HSP70 as a
tumor-associated antigen in ovarian cancer
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Abstract. Ovarian cancer commonly presents without
prominent symptoms and is consequently diagnosed at
advanced stages with unfavorable prognosis. Novel serological
biomarkers for the early detection and clinical management
of ovarian cancer are imminently needed. Proteomic-based
methods for biomarker discovery are promising strategies
implemented in cancer research. The aim of the present
study was to identify new tumor antigens from the ovarian
cancer cell line SKOV3 and their associated autoantibodies
in sera of patients with ovarian cancer employing proteomic-
based approaches. Proteins from the ovarian cancer cell line
SKOV3 were extracted by two-dimensional polyacrylamide
gel electrophoresis (2-DE) followed by western blotting
and antibody reaction with sera from patients with ovarian
cancer and normal controls. Positive spots were excised from
Coomassie blue-stained gels and identified by liquid chro-
matography-tandem mass spectrometry (LC-MS/MS). The
2-DE analysis results revealed a total of 14 protein spots on
the gel, and 7 proteins were finally identified by LC-MS/MS.
In the subsequent experiment, using immunoassay on ovarian
cancer sera and tissue-array slides, the well-known protein
HSP70 was selected in order to validate this proteomic-based
approach. In conclusion, the proteomic method used in the
present study is a powerful instrument for identifying novel
serum markers that may exhibit clinical usefulness in cancer.

Introduction
Ovarian cancer is responsible for more than half of the deaths

related to gynecological malignancies (1,2). Due to the lack of
sensitive tests for the detection of early-stage disease, which
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is frequently asymptomatic, 75% of malignant ovarian tumors
are discovered at a late stage, with a 5-year survival rate of
~30% (3,4). Although, the majority of patients primarily
respond to chemotherapy, the relapse rate is more than 85%.
The utilization of serum-soluble tumor antigens, such as
CA-125, a biomarker used for the detection of ovarian cancer
has been limited due to the insufficient specificity and sensi-
tivity of these antigens, particularly for incipient tumors (5-7).
Increased levels of CA-125, the most widely utilized serum
biomarker for ovarian cancer, occur in merely 50% of stage I
patients and are also present in healthy women (5,6). Therefore,
it is essential to find novel biomarkers for the early diagnosis,
prediction of prognosis, monitoring of therapy and to develop
new treatment methods, such as immunotherapy, for the
management of ovarian cancer (5,6,8).

Proteomic technology has emerged in the last decade as a
powerful device used to reveal the molecular mechanisms of the
tumor microenvironment and malignant cells in patients with
cancer (9). Proteomics has provided effective insight into the
disruption of signaling pathways within tumor cells, allowing
for the detection of new targets for drug reaction, possible
diagnostic markers and prognostic symbols of outcome and
response to therapy (10,11). The proteome exhibits all the
probable gene products of a cell. Proteins may exist in different
forms that vary within a particular cell or in diverse cells, due
to modifications derived from translational, post-translational,
regulatory and degradable processes that influence protein
localization, structure and function. Proteomic methodology
characterizes all proteins in a biological system, including
complex features, such as isoforms, modifications, functional
structures and interactions. Particularly in cancer biomarker
discovery, two-dimensional gel electrophoresis, mass spec-
trometry (MS) and protein microarrays, in combination with
advanced bioinformatics, have become useful tools to identify
proteins.

In the present study, we employed a proteomic-based
approach to identify tumor antigens that produce a humoral
immune feedback in patients with ovarian cancer. Proteins
from the ovarian cancer cell line SKOV3 were separated by
2-DE, transferred onto nitrocellulose (NC) membranes and
subsequently sera from ovarian cancer patients and normal
individuals were screened by western blotting for antibodies
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which react against separated proteins. Proteins inducing an
immune reaction were isolated, and then identified by MS.
Using this technique various tumor antigens were discovered
to react more frequently with the sera of ovarian cancer patients
compared to normal individuals. These identified biomarkers
may be potential candidates for screening and early diagnosis
of ovarian cancer.

Materials and methods

Sera sample collection. In the present study, 120 sera from
patients with ovarian cancer and 85 sera from normal controls
were obtained from the sera bank in the Cancer Autoimmunity
Research Laboratory at the University of Texas, El Paso
(UTEP). The sera were first handled by our clinical partners.
These ovarian cancer sera were obtained at the initial time of
cancer diagnosis, prior to patients being cured with chemo-
therapy or radiotherapy. Normal control sera were amassed
during annual health examinations from adults without
apparent evidence of malignancy. Due to regulations regarding
studies on human subjects, the identification number and name
of the patients were not revealed to investigators, and some
clinical information concerning the sera was not available.
The present study was approved by the Institutional Review
Board of UTEP and collaborating institutions. All procedures
performed in the present study were in accordance with the
ethical standards of the Institutional Review Board of UTEP.

Cell culture and cell extracts. The ovarian cancer cell line
SKOV3 was purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA), and cultured in
McCoy's 5A medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS), 100 U/ml
penicillin and 100 U/ml streptomycin. The cells were cultured
in 75-cm? Falcon tissue culture flasks and allowed to reach
90% confluence. Thereafter, the cells were rinsed once with
McCoy's 5A medium without FBS and unloaded from the flask
by incubating the cells with a solution including trypsin-EDTA
(Gibco, Carlsbad, CA, USA), and subsequently harvested in a
15-ml centrifuge tube for further study.

Two-dimensional gel electrophoresis (2-DE) analysis. SKOV3
cells were directly lysed in rehydration sample buffer [§ M
urea, 50 nM dithiothreitol (DTT), 4% 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate (CHAPS), 0.2%
Bio-Lyte 3/10 ampholyte, and 0.001% bromophenol blue) as
obtained by Bio-Rad Laboratories (Hercules, CA, USA) and
were vigorously vortexed for 90 min at room temperature
(RT). Insoluble substances were removed by centrifugation at
13,200 x rpm for 30 min at 4°C. The supernatant was collected
and the protein concentration was assessed using the Bradford
assay (Bio-Rad Laboratories). For the first dimensional gel
electrophoresis analysis, a total of 150 ug of protein was
mixed with rehydration buffer containing a trace bromophenol
blue prepared in proteomic-grade water and applied on a
pH 3.0-10.0, 7-cm isoelectric focusing (IEF) strip (Bio-Rad
Laboratories). IEF was performed at a current of 50 mA/gel,
250 V for 30 min, followed by 4,000 V for 1.5 h, and an addi-
tional 4,000 V for 5 h. Strips were immediately stored at -80°C
for 2-DE analysis. For this analysis, 12% SDS-polyacrylamide
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gels (SDS-PAGE) were used. Proteins were subsequently
transferred onto NC membranes for western blot analysis or
stained with 0.1% Coomassie blue R-250 prepared in 10%
acetic acid. The spots were visualized using PDQuest 2-DE
analysis software as described in the manufacturer's manual
(Bio-Rad Laboratories), as well as in our previous study (12).

In-gel digestion. Excised gel pieces were destained with
40 mM NH,HCO; in 50% acetonitrile (ACN). Reduction
was performed with 5 mM Tris(2-carboxyethyl)phosphine
hydrochloride (TCEP) for 1 h at room temperature followed
by alkylation with 50 mM of iodoacetamide (both from
Sigma-Aldrich, St. Louis, MO, USA) at room temperature
in the dark for 1 h. The dehydrated gel pieces were then
digested with trypsin in 10 mM NH,HCO; for 18 h and
peptide digests were extracted using extraction buffer (1:2 v/v
5% formic acid/ACN).

NanoLC-ESI-MS/MS analysis. The digests were analyzed on
an Eksigent NanoLC™-1D-Plus (AB Sciex, Framingham, MA,
USA) coupled to a Thermo Fisher LTQ XL™ Linear Ion Trap
Mass Spectrometer (LTQ XL-MS) as follows: the digests were
loaded onto an online dual trap set-up (Eksigent Chrom XP
NanoLC Trap-Column C18-CL-3 ym 120 A,350 um x 0.5 mm)
at a flow rate of 1.5 ul/min using channel 1A solution (98%
water, 2% ACN, 0.5% formic acid). Separation was achieved
on an Eksigent Chrom XP NanoL.C C18-reverse phase column
(3C18-CL-3 ym 120 A, 0.075x150 mm) using 2 channel
mobile phases (solvent 2A, 5% ACN/0.1% FA; solvent 2B,
80% ACN/0.1% FA, on a linear gradient of 5-45% 2B solvent
over 60 min at a flow rate of 300 nl/min). The MS system was
set to perform one full scan (400-1,700 m/z range) followed
by MS/MS scans of the 10 most abundant parent-ions (ESI
voltage, 3 kV; isolation width, 3.0 m/z; 35 normalized colli-
sion energy). The dynamic exclusion was set to collect each
parent-ion twice and then excluded for 120 sec.

Data analysis. The resulting MS/MS spectra (350-5,000 Da,
monoisotopic) were searched against a UniProt protein database
downloaded on April 04, 2013 comprised of Homo sapiens,
Bos Taurus and porcine trypsin using a SEQUEST® algorithm
in Proteome Discoverer 1.4 software (Thermo Scientific, San
Jose, CA, USA). The parameters for database search were:
i) 2.0 and 1.0 Da for peptide and fragment mass tolerance
respectively; ii) full digest using trypsin after K/R with up
to two missed cleavages allowed; and iii) methionine (M)
oxidation as a fixed modification, and cysteine (C) carbamido-
methylation, and deamidation of asparagine (N), and glutamine
(Q) as variable modifications. At least two peptides were used
for assignment of proteins and search results were filtered for
a false discovery rate (FDR) of 1% employing a decoy search
strategy utilizing a reverse database.

Enzyme-linked immunosorbent assay (ELISA). The HSP70
protein was purchased from Abcam (Cambridge, MA, USA).
This protein was diluted in phosphate-buffered saline (PBS)
with a final concentration of 1 pg/ml for coating polystyrene
96-well microtiter plates (Thermo Scientific, Waltham, MA,
USA). Plates were then blocked with gelatin post-coating
solution at room temperature for 2 h. The antigen-coated wells



ONCOLOGY REPORTS 37: 2771-2778, 2017

2773

Lo pH3—10 . —
= » 2 @ v ®
s . &_
Ovary cancer cells Isolated cell proteins First dimension IEF 2-DE gel Western blotting
12
-
Candidate = - &
biomarkerin )
ovarian cancer @ @ e ﬂ @
U

Anti-TAA frequency in
cancer sera (ELISA) &
TAA expressionin tumor
tissue array (IHC)

MS analysis

Excision of spots &
Digestion of proteins

Figure 1. Schematic representation of tumor-associated biomarker identification in ovarian cancer. Concisely, cell extracts of cultured human ovarian cancer
cells were used for isoelectrofocusing gel (the first dimension gel) analysis, and then were transferred to SDS-PAGE gel (the second dimension gel). The
cellular proteins were subsequently transferred to nitrocellulose membranes or visualized by Coomassie brilliant blue staining. Following immunoblotting
of ovarian cancer sera and normal individual sera, several protein spots of interest were excised from the 2-DE gel, digested with trypsin, and subsequently
analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS). In subsequent studies, we will characterize the identified proteins that are

valuable biomarkers in ovarian cancer.

were subsequently incubated with human sera diluted at 1:100
with serum diluent for 2 h at room temperature. The goat
anti-human IgG-HRP and the substrate 2,2'-azino-bis-3-eth-
ylbenzo-thiazoline-6-sulfonic acid (ABTS) (both from
Invitrogen, Grand Island, NY, USA) were applied as detection
reagents. The average optical density (OD) value was assessed
at a wavelength of 405 nm for data analysis. The cut-off value
designating a positive reaction was the mean OD of 45 normal
human sera (NHS) added to 3 standard deviations (SDs).

Indirect immunofluorescence (IIF) assay. Hep-2 cell slides
(MBL International Corporation, Woburn, MA, USA) were
applied to identify the autoantibodies in cancer sera. Polyclonal
anti-HSP70 antibody (Sigma-Aldrich) (1:50 dilution) and
human sera (1:80 dilution) were incubated at room temperature
for 1 h. FITC-conjugated goat anti-human IgG with a 1:200
dilution, and anti-mouse IgG Fab2 Alexa Fluor with a 1:100
dilution were employed as the secondary antibodies, respec-
tively. IIF images were obtained with a laser scanning confocal
microscope (LSM 700; Zeiss, New York, NY, USA), using a
20X objective and processed by ZEN 2009 software (Zeiss,
Dublin, CA, USA).

Immunohistochemistry (IHC) with tissue array slides. Ovarian
cancer tissue array slides with normal controls are commer-
cially available (US Biomax, Inc., Rockville, MD, USA), and
were applied to detect the expression of the HSP70 protein.
The slides were deparaffinized with xylene and dehydrated
with ethanol of different strengths. Antigen retrieval was
performed using microwave-heating methods and Trilogy™
pretreatment solution for 20 min at 100°C and then the slides
were cooled down at room temperature for 50 min. Avidin
and biotin block solutions were employed to block nonspecific
binding of antibodies for 10 min. The slides were incubated
with polyclonal anti-HSP70 antibody (1:50 dilution) overnight

at 4°C. An HRP detection system and a DAB substrate kit
were applied as detecting reagents. After counterstaining
with hematoxylin, the slides were dehydrated and mounted.
Eventually, the sections were observed using a microscope
(DM1000; Leica, Heidelberg, Germany).

Statistical analysis. Statistical analysis was performed
using SPSS 21.0 software. Data were analyzed using a *
test and expressed as the mean + 3SD of OD values with
normal controls as determined by ELISA. The results were
considered to represent a statistically significant difference
when P-values were <0.01.

Results

Identification of immunoreactive proteins in ovarian cancer
by LC-MS/MS. As indicated in Fig. 1, a proteome-based
approach was employed to identify valuable TAAs as
biomarkers in ovarian cancer. Concisely, proteins extracted
from SKOV3 cells were separated by 2-DE and later trans-
ferred onto NC membranes. The pool of sera from 10 patients
with ovarian cancer was immunoscreened by western blot
analysis. The pool of 10 normal human sera was applied
as the control. The results obtained revealed a number of
protein spots which were visible on the NC membranes. By
comparing and matching protein spots on both membranes
with the equivalent protein spots on the 2-DE gels (Fig. 2A),
14 immunoreactive spots were detected with the sera from
patients with ovarian cancer (Fig. 2C), but not with the sera
from the normal controls (Fig. 2B). In the subsequent study,
14 immunoreactive protein spots were excised from the
SDS-PAGE gels, digested with trypsin and further analyzed
by LC-MS/MS. The resulting MS/MS spectra were identified
using the UniProt protein database, which is a comprehen-
sive database for human protein sequences. As described



2774

LIU et al: USING IMMUNOPROTEOMICS TO IDENTIFY HSP70 AS AN AUTOANTIGEN IN OVARIAN CANCER

pH10
I

pH3,

A

»*

14
3/s]

% -

kDa

— 250
— 150

— 100

75

50
37

25
20

Figure 2. Identification of ovarian cancer-associated proteins by immunoproteomics. (A) Two-dimensional polyacrylamide gel electrophoresis (2-DE) protein
profile of SKOV3 cells. (B) The proteins extracted from the SKOV3 cells were separated by 2-DE and transferred onto nitrocellulose membranes for immu-
noblotting analysis. The pool of normal human sera (n=10) was applied as the control. (C) Immunoreactive spots from 10 representative ovarian cancer sera
were obtained.

Table I. Summary of the identified protein spots by mass spectrometry.

Spot Accession Molecular mass
no. no. Identified proteins (kDa) Protein functions
1 P06733 a-enolase 47.1 Glycolytic enzyme expressed in most human tissues
2 P06733 a-enolase 47.1 Glycolytic enzyme expressed in most human tissues
3 P06733 a-enolase 47.1 Glycolytic enzyme expressed in most human tissues
4 P06733 a-enolase 47.1 Glycolytic enzyme expressed in most human tissues
5 Q53G71 Calreticulin variant 46.9 Calcium-binding chaperone that promotes
folding, oligomeric assembly and quality control
in the endoplasmic reticulum
6 Q53G71 Calreticulin variant 46.9 Calcium-binding chaperone that promotes
folding, oligomeric assembly and quality control
in the endoplasmic reticulum
7 Q53G71 Calreticulin variant 46.9 Calcium-binding chaperone that promotes
folding, oligomeric assembly and quality control
in the endoplasmic reticulum
8 H7C469 Uncharacterized protein 404
9 P04083 Annexin Al 38.7 Calcium/phospholipid-binding protein which promotes
membrane fusion and is involved in exocytosis
This protein regulates phospholipase A2 activity
10 Q5VU66 Tropomyosin 3 32 Binds to actin filaments in muscle and non-muscle cells
Plays a central role, in association with the troponin complex,
in the calcium dependent regulation of vertebrate
striated muscle contraction
11 Q5HYS57 Emerin 249 Stabilizes and promotes the formation of a nuclear actin
cortical network. Inhibits f-catenin activity by preventing
its accumulation in the nucleus
12 043399 Tumor protein D54 222 A marker for breast cancer and acute lymphoblastic leukemia
13 P08107 Heat shock 70 kDa protein 70 A chaperone, that binds to nascent polypeptides to facilitate
correct folding
14 P08107 Heat shock 70 kDa protein 70 A chaperone, that binds to nascent polypeptides to facilitate

correct folding
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Table II. Frequency of the autoantibody against HSP70 in
human sera by ELISA.

Autoantibody to
Type of serum No. tested HSP70
n (%)
Ovarian cancer 120 26 (21.7)*
NHS 85 2 (2.35)

Cut-off value, mean + 3SD of NHS; P-value relative to NHS; *P<0.01.
NHS, normal human serum.
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Figure 3. Titers of autoantibody against HSP70 in human sera as deter-
mined by ELISA method. The range of titers of anti-HSP70 autoantibody
is expressed as the optical density (OD) value obtained from ELISA. The
mean + 3SD of normal human serum (NHS) is shown in relationship to all
serum samples. Titers of anti-HSP70 autoantibody in ovarian cancer are
much higher than those in the NHS (P<0.01).

in Table I, 13 of the 14 protein spots were identified by
LC-MS/MS. Despite repeated efforts, we could not identify
one spot (spot# 8).

Prevalence of autoantibody against HSP70 in ovarian cancer.
The serum level of anti-HSP70 autoantibody was evaluated
by ELISA as described in Materials and methods. All in all,
120 sera from patients with ovarian cancer and 85 sera from
normal human individuals were available in the present study.
As demonstrated in Table II, the prevalence of the anti-HSP70
antibody was 21.7% (26/120) in ovarian cancer, which was
significantly higher than that in the NHS group (2.35%, 2/85)
(P<0.01). Titers of autoantibody against HSP70 in human sera
are displayed in Fig. 3. The average titer of the anti-HSP70
antibody in ovarian cancer sera was higher than that in the
NHS group (P<0.01).

IIF staining pattern of HSP70 in Hep-2 cells. To further
ascertain the reactivity of the anti-HSP70 antibody in ovarian
cancer sera and the intracellular localization of HSP70, Hep-2
cell slides were employed in an indirect IIF assay to detect
positive anti-HSP70-ovarian cancer sera using ELISA. As
described in Fig. 4, a representative ovarian cancer serum
sample positive for the anti-HSP70 antibody as determined by
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Figure 4. Representative immunofluorescence staining patterns of
anti-HSP70 autoantibody-positive ovarian cancer serum. (A) A normal human
serum (NHS) served as the negative control. (B) Polyclonal anti-HSP70
antibody that demonstrated a cytoplasmic immunofluorescence staining
pattern was applied as a positive control. (C) A representative anti-HSP70
autoantibody-positive ovarian cancer serum sample showed a cytoplasmic
immunofluorescence staining pattern. (D) The same ovarian cancer serum
sample that was used in panel C was post-absorbed with recombinant HSP70
protein. The fluorescent signal was greatly decreased.
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Figure 5. Expression of HSP70 in ovarian cancer and adjacent normal ovarian
tissues as determined by immunohistochemistry. The polyclonal HSP70 anti-
body was used as a primary antibody to detect the expression of HSP70 in
ovarian cancer and adjacent normal ovarian tissues. (A) An ovarian cancer
tissue with positive staining (magnification, x400). (B) An adjacent normal
ovarian tissue with negative staining. (C) Ovarian cancer tissue with H&E
staining. (D) Adjacent normal ovarian tissue with H&E staining.
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Table III. Expression of HSP70 in ovarian cancer tissues and
normal controls.

HSP70 positive
Type of tissues No. tested n (%)
Ovarian cancer 52 49 (94.2)*
Normal controls 20 3(15)

P-value of ovarian cancer tissues to normal controls, “P<0.01.

ELISA had an intense cytoplasmic staining pattern, which was
analogous to the staining pattern obtained by the polyclonal
anti-HSP70 antibody which is largely located in the cytoplasm.
The fluorescent cytoplasmic staining was significantly
attenuated when the same ovarian cancer serum sample was
pre-absorbed with recombinant HSP70 protein.

Expression of HSP70 in ovarian cancer and adjacent normal
breast tissues by IHC . To further substantiate the representative
protein as a biomarker in ovarian cancer, it is important to
recognize its expression in ovarian cancer tissue specimens
by IHC. In the present study, the expression of HSP70 in
ovarian cancer and adjacent normal ovarian tissues were
detected by IHC with tissue array slides. Tissue array slides
involving 52 breast cancer tissue specimens and 20 adjacent
normal breast tissue specimens were purchased for the present
study. The polyclonal anti-HSP70 antibody was applied to
immunostain the tissue specimens. As displayed in Table III,
49 of the 52 ovarian cancer tissues were positively stained
(94.2%), while 3 of the 20 adjacent normal breast tissues
were positively stained (15%). We concluded that HSP70 was
significantly overexpressed in ovarian cancer tissues when
compared with the normal control (P<0.01). The expression
of HSP70 in ovarian cancer and in the normal controls is
demonstrated in Fig. 5.

Discussion

Proteomics became feasible with the advancement in
two-dimensional polyacrylamide gel electrophoresis
(2-DE) (for protein separation with high reproducibility and
resolution), and in mass spectrometry (MS) (for protein iden-
tification). Although, various techniques have been developed
for protein expression analysis (13-15), the conjunction of
2-DE and MS is presently the most extensively used (16-19).
In 2001, Brichory et al proposed a proteomic-based method
to identify tumor antigens and related autoantibodies in
cancers (20). To date, this approach has reported several
novel autoantibodies in various malignancies. Autoantibodies
against triosephosphate isomerase, superoxide dismutase,
Annexin I and II and PGP 9.5 have been revealed as valu-
able markers in lung cancer (20,21). Autoantibodies against
heat-shock protein 70 (HSP70), eukaryotic translation elonga-
tion factor 2 (eEF2), peroxiredoxin, heterogeneous nuclear
ribonucleoprotein A2 (hnRNP A2), apoptosis-inducing
factor (AIE), triosephosphate isomerase (TIM) and prostatic
binding protein are more prevalent in patients with hepato-
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cellular carcinoma (HCC) (22,23). Similarly, autoantibodies
against HSP70 and peroxiredoxin VI have been reported
as potential diagnostic biomarkers in esophageal squamous
cell carcinoma (24,25). Our previous studies employed an
immunoproteomic approach to widely screen sera from
patients with certain types of cancer including esophageal
squamous cell carcinoma (ESCC) and HCC, and sera from
patients with precancerous diseases such as liver fibrosis
to characterize and identify the potential tumor-associated
antigens (TAAs) (12,26,27). In the present study, a total of
14 protein spots were visualized on 2-DE gels and 7 proteins
were finally identified by LC-MS/MS.

The cellular and molecular roles of the identified proteins
were recorded in the study. A majority of these proteins were
reported to be associated with cell proliferation, cell migra-
tion, cell invasion and signaling transduction. In order to
explore the types of cancer related to these identified proteins,
literature searches were performed using PubMed (http://
www.ncbi.nlm.nih.gov/pubmed/). a-enolase, a glycolytic
enzyme, could be a novel pancreatic ductal adenocarcinoma
(PDA)-related antigen (28). Calreticulin has been related to the
proliferation and migration of tumor cells and is associated
with a poor prognosis for breast, gastric and esophageal cancer
patients (29-31). Annexin Al, is an intracellular protein that
is aberrantly expressed in various types of cancer, involving
breast (32,33), gastric (34-36) and esophageal cancer (37,38).
Dysregulation of Annexin Al is associated with the occurrence
of metastasis, invasion and drug resistance of cancers (39). It
has been documented that tropomyosin 3 could play a vital role
in hepatocarcinogenesis and serve as an important serological
biomarker in the early detection of ovarian cancer (40,41).
Emerin, as a member of the nuclear lamina-related family,
may play a certain role in papillary thyroid carcinoma (42).
The tumor protein D54 gene was first identified in human
breast cancer (43), and then it was established that it is over-
expressed in prostate and ovarian carcinomas (44-47). Several
studies have reported that HSP70 is frequently overexpressed
in tumor cells, where it has anti-apoptotic functions and acts
as a survival protein (48). In the present study, we mainly
concentrated on the representative protein HSP70 to evaluate
whether this protein can serve as a potential TAA biomarker
in the immunodiagnosis of ovarian cancer. As demonstrated
above, other identified proteins, including a-enolase, calre-
ticulin, Annexin Al, tropomyosin 3, emerin and tumor protein
D54 associated with cancer, may be further explored to detect
whether they are useful TAAs in ovarian cancer.

To date, various studies have been carried out to detect the
autoantibody against HSP70 in various types of cancer such
as liver, esophageal, head and neck cancer, as well as nasopha-
ryngeal cancer (12,25,48,49). The present study showed that
the frequency of the autoantibody against HSP70 in sera from
patients with ovarian cancer was 21.7% and confirmed that
the levels of serum HSP70 autoantibody were significantly
higher in ovarian cancer patients than in healthy individuals.
The results support the possibility that the autoantibody
against HSP70 may be useful as a novel diagnostic marker for
detecting ovarian cancer.

Heat shock proteins are known to be overexpressed in a
variety of cancers, with HSP70 being the most studied among
the family (50). The human HSP70 family consists of at least 8
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highly homologous members that differ from each other in their
intracellular expression and localization patterns (51). Among
them, the major stress-inducible HSP70 has an important role
in cell survival under stressful conditions. HSP70 is usually
overexpressed in different cancer cells and is presumed to
contribute to the development of tumors (52,53). The expression
level of HSP70 is found to be a diagnostic yardstick in several
types of cancers, since HSP70 overexpression may be correlated
with cancerous cell proliferation (54), increased clinical
stage (55,56) and shorter overall survival (57). HSP70 could be
a useful tumor marker to identify patients with HCC and early-
stage prostate cancer (58,59). A high expression level of HSP70
has been correlated with poor prognosis in breast cancer, acute
myeloid leukemia, rectum and endometrial cancer (60-64).

Our results demonstrated that the significant high expres-
sion of HSP70 in ovarian cancer tissues may be one of the
reasons why HSP70 induced strong autoantibody response in
ovarian cancer sera compared to normal individuals. Whether
HSP70 can serve as a diagnostic biomarker in ovarian cancer
detection, and the mechanisms of how it can cause humoral
immune responses in ovarian cancer patients remain to be
further explored.

The detection of this humoral response may be helpful
not only as a molecular biomarker for immunodiagnosis, but
also to guide effective immunotherapies in malignancies.
Further investigation is needed to evaluate the sensitivity and
specificity of the autoantibody against HSP70 in substantial
validation studies and to consider the mechanisms underlying
the function of immune responses against HSP70 in ovarian
cancer. With regards to the detection of novel autoantibodies,
the proteomic-based approach that we used in the present study
is a powerful device helping to identify biomarker proteins
which may be of clinical use in the future.
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