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Abstract We aimed to evaluate the immunodiagnostic values
of autoantibodies to a panel of six tumor-associated antigens
(TAAs) in the detection of patients with breast cancer. This
study determines whether a panel of multiple TAAs would
enhance antibody detection and be a useful approach in breast
cancer detection and diagnosis. The panel of multiple TAAs
was composed of six TAAs including Impl, p16, Koc,
survivin, cyclin B1, and c-myc full-length recombinant pro-
teins. Enzyme-linked immunosorbent assay (ELISA) was
used to detect antibodies against these six TAAs in 49 sera
from patients with breast cancer, 35 sera from patients with
benign breast tumor, and 38 sera from normal individuals.
Antibody frequency to any individual TAA in breast cancer
was variable and ranged from 12.2 to 18.4 %. With the
successive addition of TAAs to a final total of six antigens,
there was a stepwise increase of positive antibody reactions
reaching a sensitivity of 67.3 % and a specificity of 92.2 % in
breast cancer. Positive and negative likelihood ratios were
8.52 and 0.36, respectively, which showed that the clinical
diagnostic value of a parallel assay of six TAAs was high.
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Positive and negative predictive values were, respectively,
91.7 and 68.6 %, indicating that the parallel assay of six TAAs
raised the diagnostic accuracy greatly. Agreement rate and
kappa value were 78.1 % and 0.57, respectively, which indi-
cated that the observed value of this assay had a middle range
of coincidence with the actual value. The data from this study
further support our previous hypothesis that the detection of
autoantibodies for diagnosis of a certain type of cancer can be
enhanced by 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 breast
cancer.
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Introduction

Breast cancer is the most frequent malignant tumor and a
leading cause of cancer mortality among women in North
America [1]. As with all cancers, early diagnosis and appro-
priate therapy can reduce the mortality rate of breast cancer
and early detection is one of the most significant predictors of
survival.

Many studies have demonstrated that cancer sera contain
antibodies which react with a unique group of autologous
cellular antigens generally known as tumor-associated anti-
gens (TAAs) [2—4]. The generation of these antibodies is the
result of the immune response to the dysregulation of the
function of certain cellular proteins or the alternation of the
molecular structure of these proteins. Antigenic changes in
cancer cells can be recognized by the immune system of
patients themselves and to respond by producing autoanti-
bodies. These autoantibodies can be used as reporters identi-
fying aberrant cellular mechanisms in tumorigenesis and also
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serve as immunodiagnostic markers for cancer detection.
Through serological analysis of recombinant complementary
DNA (cDNA) expression libraries (SEREX) and proteomic
technology, a variety of antigens were identified in recent
years. These cellular proteins include mRNA-binding proteins
such as p62 [5], Impl [6], and Koc [7]; tumor-suppressor
protein p53 [8, 9]; cell-cycle nuclear protein cyclin B1 [10];
inhibitor of apoptosis survivin [11]; transcription factor
oncoprotein c-myc [12]; and so on. Many investigators have
been interested in the use of autoantibodies as serological
markers for cancer diagnosis, especially because of the gen-
eral absence of these autoantibodies in normal individuals and
noncancer conditions. Our previous studies observed that if a
single TAA was used as target antigen, the sensitivity for
cancer immunodiagnosis was usually low, and if a panel of
multiple TAAs was used, it can overcome this drawback. The
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 [13-16]. In the current study, we aimed to
evaluate whether a panel of six TAAs would enhance autoan-
tibody detection and be a useful approach in breast cancer
diagnosis.

Materials and methods
Serum samples and antibodies

In this study, 49 sera from breast cancer, 35 sera from patients
with benign breast tumor, and also 38 normal human sera
(NHS) were derived from the sera bank in the Cancer Auto-
immunity Research Laboratory at the University of Texas, El
Paso (UTEP). These sera were originally provided by our
clinical collaborators in Mexico. All cancer sera were collect-
ed at the time of cancer diagnosis when the patients had not
yet received treatment with any chemotherapy or radiothera-
py. All normal human sera were collected from adults during
annual health examination in people who had no obvious
evidence of malignancy. Due to the regulations concerning
studies of human subjects, the patients’ names and identifica-
tion numbers were blinded to investigators. This study was
approved by the Institutional Review Board of UTEP and
collaborating institutions.

Expression and purification of recombinant TAAs

Six TAAs, including Imp1, p16, Koc, survivin, cyclin B1, and
c-myc, were selected for the expression of recombinant pro-
teins. All these six antigens were used for the detection of
different types of cancer in our previous study, and the sensi-
tivity and specificity of antibodies against these antigens in
cancer sera have been confirmed [13—16]. In brief, Koc cDNA
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cloned in the pcDNA3 vector [13] was subcloned to the
pET28a vector and the recombinant protein expressed in
Escherichia coli BL21 (DE3) was purified using nickel col-
umn chromatography. Imp1 construct pPCMV5-Imp1 was pro-
vided by F.C. Nielsen [6] subcloned into pET28a for protein
expression. cDNA from c-myc was amplified by polymerase
chain reaction from human fetal liver tissue and survivin
cDNA from human survivin EST clone (BG258433) before
subcloning in the pET28a vector. Recombinant cyclin B1 had
been prepared and used previously [10] and was isolated from
a pGEX construct expressing cyclin B1 with glutathione S-
transferase (GST) fusion partner. p16 cDNA was amplified by
RT-PCR from human HeLa cells and was subcloned into the
pGEX vector. The GST gene fusion system was used for the
expression and purification of p16 recombinant protein. The
expression of adequate amounts of recombinant protein was
examined in sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), and Coomassie blue staining was
used to determine that expression products of expected mo-
lecular sizes were produced.

Enzyme-linked immunosorbent assay

Purified recombinant proteins (Imp1, p16, Koc, survivin,
cyclin B1, and c-myc) were individually diluted in
phosphate-buffered saline (PBS) to a final concentration of
0.5 pg/ml, and 100 pl was added into each well to coat
microtiter plates (Fisher Scientific, Houston, TX, USA) over-
night at 4 °C. Plates were blocked with gelatin post-coating
solution for 2 h at room temperature. The human serum
samples were diluted at 1:200, incubated with the antigen-
coated wells at 37 °C for 90 min followed by washing with
PBS containing 0.05 % Tween 20 (PBST), and then incubated
with goat antihuman IgG-HRP (Invitrogen, NY) diluted
1:4000 for 90 min followed by washing with PBST. The
substrate 2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic
acid (ABTS, Invitrogen) was used as detecting reagent. The
optical density (OD) value of each well was read at 405 nm.
Each sample was tested in duplicate. The cutoff value for
determining a positive reaction was designated as the mean
OD value of the 38 normal human sera plus 2 standard
deviations (mean+2 SD). As described in previous studies,
eight normal human sera, representing a range of 2 SD above
and below the mean of the 38 normal human sera, were
always used in each experiment and the average value
of the eight normal sera was used in each run to
normalize all absorbance values to the standard mean
of the entire 38 normal samples. 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 in
our previous studies [13—16].



Tumor Biol. (2015) 36:1307-1312

1309

Western blotting

Serum samples that were determined to contain autoanti-
bodies using ELISA were further tested by Western blotting
to confirm the immunoreactivity to corresponding TAAs. In
brief, the purified recombinant proteins (Impl, Koc, c-myc,
cyclin B1, survivin, and p16) were electrophoresed on 10 %
SDS-PAGE and subsequently transferred onto a nitrocellulose
membrane. After blocking with PBST containing 3 % nonfat
dry milk for 1 h at room temperature, the nitrocellulose papers
were incubated for 60 min at room temperature with a 1:200
dilution of serum. HRP-conjugated goat antihuman IgG was
applied as secondary antibodies at a 1:20,000 dilution.
Immunoreactive bands were detected using the ECL kit
(Thermo Scientific) according to the manufacturer’s
instructions.

Statistical analysis

Statistical analysis was performed using SPSS13.0. The data
were analyzed using receiver operating characteristic (ROC)
curve and the X? tests with Yates’ correction. Two statistically
significant levels (0.05 and 0.01) were used, and P<0.05 was
considered to indicate statistically significant differences. The
comprehensive evaluations of the testing results for each anti-
TAA antibody, including the methods for calculating the
sensitivity, specificity, Youden’s index (YI), positive and
negative likelihood ratios, positive (+PV) and negative pre-
dictive values (—PV), agreement rate, and kappa value, were
based on the methodology provided in the Epidemiology
textbook [17].

Results

Prevalence of antibodies to a panel of six TAAs in breast
cancer

In the present study, a panel of six TAAs was used as coating
antigens in ELISA, and sera from 49 patients with breast
cancer, 35 patients with benign breast tumor, and 38 normal
individuals were examined for the presence of antibodies to
the individual TAA and cumulatively to the entire panel of six
TAAs. The panel of TAAs used in this study includes Impl,
p16, Koc, survivin, cyclin B1, and ¢c-myc full-length recom-
binant proteins rather than peptide fragments of these proteins.
Table 1 shows the frequency of antibodies to a panel of six
TAAs in three groups of sera. When the antibody levels of six
TAAs in patients with breast cancer were compared to those of
patients with benign breast tumor and to those of normal
individuals through the ROC curve, the area under the curve
of each TAA is more than 0.5 (Fig. 1). These data indicated

that there was a statistically significant difference of the anti-
body levels in sera between the breast cancer group and the
others. In this study, antibody frequency to individual TAA in
breast cancer was variable from 12.2 to 18.4 %. Out of 49 sera
from patients with breast cancer analyzed, 67.3 % (33/49)
were shown to have antibodies cumulatively to any of
these six TAAs, which was significantly higher than the
frequency in sera from normal individuals (7.8 %). The
ELISA results were also confirmed by immunoblotting
analysis. The higher frequency of antibodies to an indi-
vidual TAA in breast cancer was against cyclin B1 (18.4 %)
and Impl (18.4 %), Koc (16.3 %), survivin (16.3 %), pl6
(14.3 %), and followed by c-myc (12.2 %). The reactiv-
ity of benign breast tumor sera and normal human sera
was relatively low, ranging from 0 to 8.6 % and from 0
to 2.6 % to any individual TAA, respectively, and the
combined frequency of reactivity was 14.2 and 7.8 %
against a panel of six TAAs.

Evaluation of diagnostic values of a panel of six TAAs
in immunodiagnosis of breast cancer

The validity of a test is defined as its ability to distinguish
between who has a disease and who does not. To address the
question of how valuable is the approach of antibody detec-
tion to a panel of multiple TAAs in separating people with and
without cancer in question, a group of parameters, such as the
sensitivity/specificity, Youden’s index, the +PV/-PV, and so
on, were calculated and summarized in Tables 2 and 3. Table 2
shows the comprehensive evaluation of antibodies to a panel
of six TAAs. With the successive addition of TAAs to a total
of six antigens, there was a stepwise increase of positive
antibody reactions up to 67.3 % and there was also a slight
decrease of specificity from 97.4 % with one TAA to 92.2 %
with a panel of six TAAs. It is consistent with the results of the
other two parameters (+PV/—PV). The +PV/~PV were also
variable in different combinations of TAAs. In the panel of a
total of six TAAs, the +PV was 91.7 % and the —PV was
68.6 %. Youden’s index was also increased from 0.16 with
one TAA to 0.59 with six TAAs. The positive and negative
likelihood ratios were 8.52 and 0.36, respectively, which
indicated that the clinical diagnostic value of a parallel assay
of six TAAs was high. It also suggests that a parallel assay of
six TAAs can raise the diagnostic precision greatly. Agree-
ment rate and kappa value were 78.1 % and 0.57, respectively,
which indicated that the observed value of this assay
had a middle range of coincidence with the actual
value. Taken together, these data show the usefulness
of the multiple-antigen array in increasing the clinical
diagnostic quality and value for cancer. Positive results
of ELISA were also confirmed by Western blot. Western
blot analysis of eight representative breast cancer sera is
shown in Fig. 2.
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Table 1 Frequency of autoantibodies to six TAAs in breast cancer

Sera No. tested No. and percentage of autoantibodies to
cyclin B1 TAAs Impl Koc survivin plé c-myc Cumulative to six
BC 49 9 (18.4)* 9 (18.4)* 8 (16.3)** 8 (16.3)** 7 (14.3)** 6 (12.2)** 33 (67.3)*
BBT 35 3(8.6) 0(0) 0 (0) 2(5.7) 1(29) 1(2.9) 5 (14.2)**
NHS 38 1(2.6) 0(0) 1(2.6) 1(2.6) 0 (0) 0 (0) 3(7.8)

BC breast cancer, BBT benign breast tumor, NAHS normal human sera
*p<0.01; **p<0.05 (relative to NHS)

Discussion

It was well demonstrated that breast cancer is one of the most
common malignant tumors in women. In recent years, the
incidence of breast cancer increased rapidly in some countries,
especially in China [18, 19]. Despite tremendous progress,
40 % of patients diagnosed with breast cancer still succumb to
the disease. The high mortality and case fatality rate can in part
be attributed to a lack of diagnostic methods that allow early
detection. Although mammograms are the most effective tool
to detect breast cancer, the US Food and Drug Administration
(FDA) reports that mammography can find only about 80 %
of breast cancers in women [1]. Hence, there is a need for
further understanding of tumor biology and host immune
response mechanisms so that new diagnostic and therapeutic
tools can be developed. Early diagnosis is essential for the
optimal management of breast cancer. Thus, extensive studies
are being conducted to identify new biomarkers and validate
some existing biomarkers that would add to current markers
and increase the sensitivity and specificity of breast cancer
detection.

Many studies have demonstrated that the immune systems
of certain cancer patients can sense some aberrant tumor-
associated proteins as unknown antigens and still have the
capability to respond by producing autoantibodies [20]. Thus,
cancer-associated autoantibodies might be regarded as re-
porters, identifying aberrant de novo or dysregulated cellular
mechanisms in tumorigenesis [2, 3]. In recent years, the
potential utility of TA A-autoantibody systems as early cancer
biomarker tools to monitor therapeutic outcomes or as indica-
tors of disease prognosis has been explored.

Interest in the use of anti-TAA autoantibodies as serologi-
cal markers for cancer diagnosis derives from the recognition
that these autoantibodies are generally absent or present in
very low titers in normal individuals and in noncancer condi-
tions (except autoimmune conditions). Their persistence and
stability in the serum of cancer patients is an advantage over
other potential markers, including the TAAs themselves,
which are released by tumors but are rapidly degraded or
cleared after circulating in the serum for a limited time [20].
Furthermore, the widespread availability of methods and re-
agents to detect serum autoantibodies facilitates their

Fig. 1 ROC analyses for each A B
TAA. Receiver operating 1.0+ — 1.0
characteristic curve for each
individual TAA exhibiting
different levels between breast 0.8 08
cancer patients and benign breast
tumor patients (a) or breast cancer E 06 g’ 0.6 -
patients and normal ._2_' ’ ’ E
individuals (b) 'g ’,r / g
- 0.4 -
8 04 Py
02 02
0.0 T T T T 0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
1 - Specificity 1 - Specificity
ROC Cune (Area) ROC Curve (Area)
— 0/th81 (0.662) Koc (0.839) — CyclinB1 (0.778) cmyc (0.757)
MP1(0506)  — Reference Line W1 (0.782) Reference Line
— cmyc (0.674) — Koc (0.840)
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Table 2 Evaluation of diagnostic value of antibodies to different combinations of TAAs in breast cancer

TAAs BC (%) BBT (%)  NHS(%)  Sen(%)  Spe(%)  YI PV PV
Cyclin B1 9(184)  3(8.6) 12.6) 18.4 97.4 016 900 480
Cyclin B1+Impl 15(30.6) 3 (8.6) 12.6) 30.6 97.4 028 937 521
Cyclin B1+Imp1+Koc 21 (428) 3 (8.6) 2(52) 428 94.8 037 913 562
Cyclin B1+Imp1+Koc-+survivin 25(51.0)  4(114) 3(7.8) 51.0 922 043 892 593
Cyclin B1+Imp1+Koc+survivin+p16 29(59.1)  5(14.2) 3(7.8) 59.1 922 051 906 636
Cyclin BI+ImpI+Koc+survivintpl6te-mye 33 (67.3)  5(14.2) 3(7.8) 67.3 922 059 917 686

BC relative to NHS, Sen sensitivity, Spe specificity, Y/ Youden’s index, +PV positive predictive value, —PJ negative predictive value

characterization in cancer patients and assay development.
However, in contrast to autoimmune diseases, where the pres-
ence of a particular autoantibody may have diagnostic value,
cancer-associated autoantibodies, when evaluated individual-
ly, have little diagnostic value primarily because of their low
frequency, sensitivity, and specificity [21]. We have observed
that this drawback can be circumvented by using mini-arrays
of carefully selected TAAs and that different types of cancer
may require different TAA arrays to achieve the sensitivity
and specificity required to make immunodiagnosis a feasible
adjunct to tumor diagnosis.

Our current study has tested breast cancer sera for the
presence of autoantibodies to a panel of six selected recombi-
nant TAAs using ELISA and found that the combined auto-
antibody frequency was 67.3 % (33/49), significantly higher
than the frequency in sera from normal individuals (7.8 %;
3/38) and benign breast tumor (14.2 %, 5/35). Antibody
frequency to any individual TAA in breast cancer was vari-
able, ranging from 12.2 to 18.4 %. The higher frequencies of
antibodies to an individual TAA in breast cancer were against
Imp1 (18.4 %) and cyclin B1 (18.4 %), followed by Koc
(16.3 %), survivin (16.3 %), pl6 (14.3 %), and c-myc

Table 3 Summary of diagnostic value of antibodies to a panel of six
TAAs in breast cancer

Any TAA positive All TAA negative Total
Breast cancer 33 (4) 16 (O) 49 (Ry)
NHS 3B) 35(D) 38 (Ry)
Total 36 (C)) 51(C) 87 (N)

Fourfold table x* test: x> =31.186, p<0.001

Sensitivity (%)=A4/(A4+C)=33/49=67.3 %

Specificity (%)=D/(B+D)=35/38=92.1 %

Youden’s index=sensitivity +specificity—1=0.673+0.921—1=0.594
Positive (+) likelihood ratio=sensitivity/(1—specificity)=0.673/(1—
0.921)=8.52

Negative (—) likelihood ratio=(1—sensitivity)/specificity=(1—0.673)/
0.921=0.36

Percent agreement=(4+D)/(A+B+C+D)x 100 %=68/87=78.1 %
Kappa=[N(4+D)~(R;Ci+R,C)J[N* —(R,C+R,C2)]=0.57

(12.2 %). If we add individual TAA successively to a total
of six antigens (cyclin Bl, pl16, Impl, Koc, c-myc, and
survivin), there was a stepwise increase of sensitivity up to
67.3 % and the specificity remained over 92.2 %. The results
indicate that an array of six TAAs might be sufficient to
distinguish serologically a breast cancer population from a
normal population. However, it needs to be determined
whether this TAA combination distinguishes breast cancer
from other cancers. Positive results were also confirmed by
Western blot. These six TAAs have been used in our previous
studies for the detection of other types of cancer, such as liver
cancer [13, 14]. The frequency of autoantibodies to these
TAAs used in the current study for breast cancer is basically
the same as the frequency in other cancers [13, 14]. Actually,
this is still the concern of this approach in cancer detection,
which may not be suitable to distinguish breast cancer
from other types of cancers. As mentioned in the section of
“Materials and methods,” most of the serum samples used in
the current study were provided by our collaborators. In
compliance with the regulations concerning studies of human

1 23 4 5 6 7 8 9
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Fig. 2 Western blot analysis of eight representative breast cancer sera.
Lanes 1-8 are eight representative breast cancer sera; lane 9 is a normal
human serum. It shows different antibody profiles with the six TAAs
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subjects, the patients’ names and identification numbers were
blinded to us. At the present time, we do not have the detailed
clinical information from these patients. It is hard for us to
further analyze the association between anti-TAA autoanti-
body biomarkers and some clinical parameters. This may be a
limitation of the current study. In conclusion, these prelimi-
nary data further support our hypothesis and also suggest that
additional breast cancer-specific TAAs will be needed to
enhance the sensitivity and specificity of autoantibody detec-
tion using an array of multiple TAAs with potential immuno-
diagnostic value.
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