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Abstract
Ovarian cancer is one of the most common cancers in women. Its early stages may be asymptomatic,
and as a result diagnosis frequently occurrs at an advanced, often incurable, stage. The high mortality
and low survival rates associated with ovarian cancer can in part be attributed to the lack of diagnostic
methods allowing for early detection, yet a methodology to identify patients with early-stage ovarian
cancer remains to be established. In order to investigate the frequency of antibodies against a panel
of multiple carefully-selected tumor-associated antigens (TAAs) in sera from patients with ovarian
cancer, and to determine the possibility and usefulness of such a panel of TAAs in the
immunodiagnosis of ovarian cancer, sera from 32 ovarian cancer patients and 82 normal individuals
were tested using an enzyme-linked immunosorbent assay (ELISA) for the presence of
autoantibodies to a panel of 13 TAAs. ELISA results were also confirmed by immunoblotting
analysis. The sensitivity and specificity of the multiple anti-TAA antibodies in the detection of
ovarian cancer was 62.5 and 85.4%, respectively. With the successive addition of TAAs to a total of
7 antigens (survivin, p53, p16, cyclin B1, cyclin D1, cyclin A and cyclin E), there was a stepwise
increase in sensitivity of up to 62.5%, and in specificity of 90.2%. With the addition of more antigens
to the panel, no further increase in sensitivity was detected. This study further supports our previous
hypothesis that a combination of antibodies might acquire higher sensitivity for the diagnosis of
cancer, and also indicates that, in the selection of ovarian cancer-associated TAAs, some may be
specific to ovarian cancer while others may not be. This emphasizes the importance of a
comprehensive analysis of antibody response to selected TAAs in various disease conditions, such
as ovarian cancer, in benign ovarian diseases, and in normal individuals, before conclusions can be
drawn regarding their contribution to ovarian cancer.
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Introduction
The highly specific autoantibody response to autoimmune diseases generally predicts the
biologic phenotype of the disease, making autoantibodies clinically valuable and diagnostically
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useful. Whether a similar mechanism operates in the humoral immune response to cancer
remains to be established, but it appears to be a possibility (1). Previous studies by our group
and by others have demonstrated that cancer sera contain autoantibodies that react with a unique
group of autologous cellular antigens, called tumor-associated antigens (TAAs) (1–3). Cancer
has long been recognized as a multi-step process that involves not only genetic changes
conferring growth advantage, but also factors which disrupt the regulation of growth and
differentiation (4,5). It is possible that some of these factors could be identified and their
functions evaluated with the aid of autoantibodies arising during tumorigenesis. Our recent
studies have indicated that the detection of autoantibodies in cancer can be enhanced by the
use of a panel of multiple TAAs, such as p53, c-myc, IMP1, p62, Koc, cyclin B1 and survivin,
as target antigens (6–9). Ovarian cancer is the sixth most common cancer in women, and
accounts for 5% of all cancers in females. It is diagnosed in about 23,000 women in the United
States each year, and almost 14,000 women die of the disease annually. The overall 5-year
survival rate for ovarian cancer is 42% (10–12). It is clear that this low survival rate can in part
be attributed to the lack of diagnostic methods allowing for early detection. A methodology to
identify patients with early-stage ovarian cancer remains to be established. This study
investigated the frequency of antibodies against a panel of multiple carefully-selected TAAs
in sera from patients with ovarian cancer, and determined the possibility and usefulness of such
a panel in the immunodiagnosis of ovarian cancer.

Materials and methods
Serum samples

Sera from 32 patients with ovarian cancer and 82 normal human sera were obtained from the
serum bank of the Tumor Cell Engineering Laboratory of Xia’men University (Fujian
Province, P.R. China). All ovarian cancer sera were collected at the initial time of cancer
diagnosis, prior to patients being treated with chemotherapy or radio-therapy. Normal human
sera were collected during annual health examinations from adults with no obvious evidence
of malignancy. Due to regulations concerning studies on human subjects, patient name and
identification number were not disclosed to investigators, and some clinical information for
sera used in the study was not available. The study was approved by the Institutional Review
Board of Xia’men University and collaborating institutions.

Expression and purification of recombinant proteins
Thirteen antigens, Imp1, p62, Koc, p53, c-myc, cyclin B1, survivin, p16, cyclin D1, cyclin A,
cyclin E, CDK2 and p90, were selected for the expression of recombinant proteins. Imp1, p62,
Koc, p53, c-myc, cyclin B1, survivin, p16, p90, cyclin D1 and cyclin A had been prepared and
used in our previous studies (6–9). Cyclin E and CDK2 were isolated from pGEX constructs
expressing these proteins with glutathione S transferase fusion partner. These two constructs
were originally provided by Dr M. Eng Tan’s lab at the Scripps Research Institute (La Jolla,
CA). Expression of adequate amounts of recombinant protein was examined by SDS-PAGE,
and Coomasie Blue staining was used to determine whether expression products of expected
molecular sizes were produced. In addition, Western blot analysis was used to confirm that the
bands seen in SDS-PAGE were reactive with reference antibodies. The antibodies used in this
study were rabbit polyclonal anti-Imp1 against a C-terminal peptide, kindly supplied by F.C.
Nielsen (13). Anti-Koc/Imp3 was raised against specific C-terminal peptides of the respective
proteins (14), and anti-p62 (15) and anti-p90 (16) were raised against the full-length proteins.
Reactivities of p53, c-myc, cyclin B1, p16, cyclin D1, cyclin A, cyclin E and CDK2 were
determined with monoclonal antibodies obtained from Oncogene Research Products, Boston,
MA. Rabbit polyclonal anti-survivin antibody raised against the C-terminal peptide was
obtained from ProSci Inc., Poway, CA.
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Enzyme-linked immunosorbent assay
Purified recombinant proteins were individually diluted in PBS to a final concentration of 0.5
μg/ml for coating Immunolon2 microtiter plates (Fisher Scientific, Houston, TX) overnight at
4°C. Human serum samples diluted 1:200 were incubated with the antigen-coated wells for 90
min, then incubated with horseradish peroxidase (HRP)-conjugated goat anti-human IgG
(Caltag Laboratories, Burlingame, CA) diluted 1:5,000 for 90 min as a secondary antibody,
followed by washing with PBS containing 0.05% Tween-20. The substrate 2,2′-azino-bis(3-
ethyl-benzothiazoline-6-sulfonic acid) diammonium salt (Sigma, St. Louis, MO) was used as
the detecting agent. The O.D. of each well was read at 405 nm, and the cut-off value for
determining a positive reaction was designated as the mean absorbance of the 82 normal
Chinese sera plus 3 standard deviations (mean ± 3 SD). Each sample was tested in duplicate.
As previously described, 8 normal human sera representing a range of 3 SD above and below
the mean of the 82 Chinese normal sera was used in each experiment, and the average value
of the 8 normal sera was used in each run to normalize all absorbance values to the standard
mean of the entire sample of 82 normal sera. In addition, all positive sera were confirmed with
repeat testing, as were some negative sera. The detailed protocol of enzyme-linked
immunosorbent assay (ELISA) was used as described by Rubin (17).

Western blotting and Slot blot
Serum samples that were determined, using the ELISA method, to contain autoantibodies were
further tested by immunoblotting to confirm the immunoreactivity of the sera. Western blotting
was essentially performed as described by Chan and Pollard (18). In brief, purified recombinant
proteins were electrophoresed by SDS-PAGE and subsequently transferred to a nitrocellulose
membrane. Nitrocellulose membranes were cut into strips, and the individual strips were pre-
blocked in PBS containing 0.05% Tween-20 (PBST) with 5% non-fat milk for 30 min at room
temperature, incubated for 90 min with patient sera diluted 1:200, and finally incubated with
HRP-conjugated goat anti-human IgG diluted 1:3,000 for 90 min followed by washing with
PBST solution. Positive signals were captured by autoradiography using chemiluminescence
(Pierce Bio-technology, Rockford, IL) according to the manufacturer’s instructions. The
method for Slot blot was identical to Western blotting, with the exception that the purified
recombinant protein (100 ng/well) was applied directly to the nitrocellulose membrane using
a vacuum source. Membranes were not cut into strips; therefore, the detection of autoantibodies
in individual patient serum to eleven TAAs, with the exception of Cyclin A and p90, could be
performed simultaneously on one blot.

Statistical analysis
To determine whether the frequency of autoantibodies to thirteen TAAs in sera from patients
with ovarian cancer was significantly higher than in sera from normal individuals, data were
analyzed using the χ2 test with Yates’ correction. Two significant levels (0.05 and 0.01) were
used. Methods for calculating the sensitivity/specificity, positive or negative predictive values
(positive PV/negative PV), and false positives/false negatives were based on the methodology
provided (19).

Results
Frequency and titer of autoantibodies to a panel of 13 TAAs in ovarian cancer

In the present study, 13 purified recombinant TAAs were used as coating antigens in ELISA
to detect antibodies against these 13 TAAs in ovarian cancer. The panel of 13 TAAs included
the recombinant full-length proteins survivin, p53, p16, cyclin B1, cyclin D1, cyclin A, cyclin
E, koc, IMP1, p62, CDK2, p90 and c-myc. Eleven of the TAAs, not including cyclin E and
CDK2, had been used in our previous studies (6–9). Cell cycle deregulation is one of the
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hallmarks of cancer. Progression through the cell cycle is governed by cyclin-dependent
kinases (CDKs), which are regulated by phosphorylation, activated by binding to cyclins, and
inhibited by CDK inhibitors (20,21). The cyclin E and CDK2 complex is one of the main
regulators of the G1/S transition. Several studies have demonstrated that cyclin E is associated
with disease progression in various malignancies, as well as with poor prognosis in patients
with breast, ovarian, bladder and colorectal cancers (22–25). Autoantibodies against cyclin E
and CDK2 in cancer were not reported. Sera from 32 patients with ovarian cancer and 82 normal
human sera were available for study. As shown in Table I, autoantibodies against 13 TAAs in
ovarian cancer were tested by ELISA. The cumulative antibody frequency to 13 TAAs was
62.5% (20/32), significantly higher than the frequency in sera from normal individuals (14.6%).
The ELISA results were also confirmed by immunoblotting analysis. The highest frequencies
of antibodies to an individual TAA in ovarian cancer were against p53 (25.0%), p16 (25.0%),
cyclin B1 (25.0%) and cyclin D1 (25%), followed by survivin (21.9%), cyclin E (21.9%), cyclin
A (18.8%) and koc (18.8%). The range of antibody titers to these 13 TAAs is shown in Fig. 1.
The high titer of reactivities in certain cancer sera and the distinct difference between ovarian
cancer and normal human sera are also demonstrated in this figure. Some ovarian cancer sera
showed optical density values over 2-folds above the cut-off values (mean ± 3 SD of 82 normal
human sera), indicating that antibody responses to these 13 TAAs in certain cancer patients
were quite robust and not just mildly elevated. Fig. 2 shows a mini-array analysis of 11 antigens
with 4 representative sera using Slot blot. Three ovarian cancer sera revealed different antibody
profiles with the 11 TAAs. For example, one serum shows strong reactivity to only CDK2, the
second shows reactivity with both IMP1 and CDK2, and the third shows reactivity to multiple
TAAs, such as survivin, p53, p16, cyclin B1, IMP1, p62 CDK2 and c-MYC. However, a normal
human serum shows no reactivity to any of the 11 TAAs.

Evaluation of the diagnostic values of a panel of 13 TAAs in the immunodiagnosis of ovarian
cancer

As described above, antibody frequency to any individual TAA in ovarian cancer varied
between 3.1 and 25.0%. The results from Table II demonstrate that, with the successive addition
of TAAs to a total of 7 antigens, there was a stepwise increase in positive antibody reactions
of up to 62.5%. The validity of a test is defined as its ability to distinguish between who has a
disease and who does not. In order to address the question of how valuable the approach of
antibody detection to a mini-array of multiple TAAs is in separating people with and without
ovarian cancer, the sensitivity/specificity, false negative/false positive and the positive
predictive value/negative predictive value were calculated. The results are summarized in
Table III. With the successive addition of TAAs to a total of 7 antigens, there was a stepwise
increase in sensitivity of up to 62.5%, while the specificity remained over 90%. With the
addition of more antigens (koc, Imp1, p62, CDK2, p90 and c-myc) to the panel, no further
increase in sensitivity was observed, consistent with the results of the other two components
(false negative and false positive). The positive and negative predictive values were also
variable in different combinations of TAAs. In the panel of a total of 7 TAAs, the positive
predictive value was 71.4% and the negative predictive value 86.0%. These results indicate
that a panel of 7 TAAs, including survivin, p53, p16, cyclin B1, cyclin D1, cyclin A and cyclin
E, might be sufficient to distinguish ovarian cancer from normal individuals. However, it
remains to be determined whether this TAA combination can distinguish ovarian cancer from
other cancers.

Discussion
Ovarian cancer is characterized by few early symptoms, presentation at an advanced stage and
poor survival. Although advances in surgery and treatment modalities have slightly improved
5-year survival rates, the prognosis for most patients continues to be poor (10–12). Retrovaginal
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examination, transvaginal ultrasonography and the CA-125 blood test are three modalities
currently used to screen for ovarian cancer. Studies have shown CA-125 to be elevated in over
90% of women with advanced ovarian cancer and in 40% of patients with any primary cancer
with extensive intra-abdominal disease. CA-125 is also associated with the inflammatory cells
of the pleura, pericardium and peritoneum, and is therefore often elevated in the context of
benign conditions, such as peritonitis, endometriosis and liver cirrhosis, causing ascites (26–
28). CA-125 would appear to not be specific; therefore, it is an inadequate screening tool. In
cancer, prognosis is improved by earlier diagnosis. This fact is particularly pertinent to ovarian
cancer, where early stages may be asymptomatic and result in diagnosis frequently occurring
at an advanced, often incurable stage. Women who present with stage I or II ovarian cancer
have a 5-year survival rate of 90 and 70%, respectively, whereas those with advanced stage III
or IV ovarian cancer have a 5-year survival rate of just 20%. These statistics stress the
importance of investigating the early diagnosis of ovarian cancer, with the emphasis on studies
on the efficacy of the use of serial measurements of a number of serum markers.

Numerous studies indicate that no single marker can completely distinguish cancer groups
from healthy controls. However, a combination of multiple markers may provide a promising
tool for the early detection of cancer. On the other hand, the multi-factorial and multi-step
nature of the molecular pathogenesis of human cancer can also be considered in the design and
interpretation of studies to identify biomarkers useful for the early detection of cancer. Many
investigators have been interested in the use of autoantibodies as serological markers for cancer
diagnosis, especially because of the general absence of these autoantibodies in normal
individuals and in non-cancer conditions. Enthusiasm for this approach has been tempered by
low sensitivity. We have observed that this drawback can be overcome by using a panel of
carefully-selected TAAs, and that different types of cancer may require different panels of
TAAs to achieve the sensitivity and specificity required to make immunodiagnosis a feasible
adjunct to tumor diagnosis (2,29). This is an innovative feature of this study, which tested a
group of ovarian cancer sera for the presence of autoantibodies to a mini-array of 13 TAAs,
and found the sensitivity and specificity of antibodies in the detection of ovarian cancer to be
62.5 and 85.4%, respectively. With the successive addition of TAAs to a total of 7 antigens
(survivin, p53, p16, cyclin B1, cyclin D1, cyclin A and cyclin E), there was a stepwise increase
in sensitivity of up to 62.5%, and in specificity of 90.2%. With the addition of more antigens
to the panel, no further increase in sensitivity was observed. These results indicate that, in the
selection of ovarian cancer-associated TAAs, some may be specific to ovarian cancer while
others may not be. They also emphasize the importance of a comprehensive analysis of
antibody response to selected TAAs in different disease conditions, such as ovarian cancer, in
benign ovarian diseases, and in normal individuals, before conclusions can be drawn regarding
their contribution to ovarian cancer.

In conclusion, this preliminary study further supports our previous hypothesis that a
combination of antibodies might acquire higher sensitivity for the diagnosis of cancer. The
data also suggest that additional ovarian cancer-specific TAAs need to be added to a panel of
multiple TAAs in order to enhance autoantibody detection in the immunodiagnosis of ovarian
cancer. It is conceivable that autoantibody profiles involving different panels or arrays of TAAs
might be developed in the future, with results that could be useful in the diagnosis of different
types of cancer.
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Figure 1.
Titer of autoantibodies to the panel of 13 TAAs in ovarian cancer and normal individuals. The
range of antibody titers to each of the 13 TAAs is expressed as optical density (OD) obtained
from ELISA. The high titer reactivity of some ovarian cancer sera and the distinct difference
between cancer and normal individuals are demonstrated. Y-axis, OD values. X-axis, the panel
of 13 TAAs. 1, survivin; 2, p53; 3, p16; 4, cyclin B1; 5, cyclin D1; 6, cyclin E; 7, cyclin E; 8,
Koc; 9, Imp1; 10, p62; 11, CDK2; 12, p90; 13, c-Myc.
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Figure 2.
Slot blot analysis of three representative ovarian cancer sera. Each blot represents a duplicate
test for autoantibodies against a panel of eleven recombinant cancer antigens, with phosphate-
buffered saline (PBS) as a negative control. Lane 1, PBS; lane 2, survivin; lane 3, p53; lane 4,
p16; lane 5, cyclin B1; lane 6, cyclin D1; lane 7, cyclin E; lane 8, Koc; lane 9, Imp1; lane 10,
p62; lane 11, CDK2; lane 12, c-Myc. (A) Normal human serum shows no reactivity to any of
the eleven TAAs. (B) One ovarian cancer serum shows strong reactivity to just CDK2. (C)
Another ovarian cancer serum shows reactivity to Imp1 and CDK2. (D) A third ovarian cancer
serum shows strong reactivity to p16, p62 and c-myc, and weak reactivity to survivin, p53,
cyclin B1, Imp1 and CDK2.
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Table II

Sequential addition of antigens to the panel of 13 TAAs.

Percentage (no.) of autoantibodies

No. of different TAA panels Ovarian cancer (32) NHS (82)

1. Survivin 21.9 (7/32)b 2.4 (2/82)

2. Survivin + p53 37.5 (12/32)b 4.9 (4/82)

3. Survivin + p53 + p16 46.9 (15/32)b 6.1 (5/82)

4. Survivin + p53 + p16 + cyclin B1 50.0 (16/32)b 8.5 (7/82)

5. Survivin + p53 + p16 + cyclin B1 + cyclin D1 56.3 (18/32)b 9.8 (8/82)

6. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A 59.4 (19/32)b 9.8 (8/82)

7. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E 62.5 (20/32)b 9.8 (8/82)

8. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E + Koc 62.5 (20/32)b 11.0 (9/82)

9. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E + Koc + IMP1 62.5 (20/32)b 13.4 (11/82)

10. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E + Koc + IMP1+p62 62.5 (20/32)b 14.6 (12/82)

11. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E + Koc + IMP1+p62+CDK2 62.5 (20/32)b 14.6 (12/82)

12. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E + Koc + IMP1+p62+CDK2+p90 62.5 (20/32)b 14.6 (12/82)

13. Survivin + p53 + p16 + cyclin B1 + cyclin D1 + cyclin A + cyclin E + Koc + IMP1+p62+CDK2+p90
+c-myc

62.5 (20/32)b 14.6 (12/82)

Cut-off value: mean ± 3 SD of NHS; p-values relative to NHS:

a
p<0.05,

b
p<0.01.
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