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Abstract
Serum autoantibodies, directed against oncogenic proteins, have been frequently detected in the
sera of breast cancer patients. It is unknown whether serum antibodies that are identified in
patients with established disease could also be detected in patients with newly diagnosed disease
or even predate the diagnosis of breast cancer. Using sera collected at the time of treatment, at the
time of diagnosis, or prior to the time of diagnosis, the current study aimed to address the temporal
relationship between breast cancer development and serum antibody response. Starting from
serum antibodies to eight known breast cancer antigens, we first identified four serum antibodies,
HER-2/neu, p53, CEA, and cyclin B1, which are significantly increased in the sera collected from
breast cancer patients at the time of treatment. These antibodies were also elevated in breast cancer
sera collected at the time of diagnosis. Lastly, comparison of antibody responses in pre-diagnostic
samples from women prior to the development of breast cancer and in controls demonstrated that
antibodies to the HER-2/neu and p53 can be detected in sera that were collected on average more
than 150 days before a breast cancer diagnosis. These results demonstrated that serum
autoantibodies commonly reported in sera from patients with established disease can also be
detected in pre-diagnostic sera and may be useful for the early detection of breast cancer.
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Introduction
Despite the wide-spread use of mammography for the early detection of breast cancer in the
USA, approximately 40% of breast cancers do not have a localized stage at diagnosis (1).
The development of new biomarkers that may help in the early detection of breast cancer
have the potential to facilitate clinical management of the disease and improve survival
rates.

Serum antibodies to oncogenic proteins have been detected in the sera of patients with
different types of cancer, including breast cancer (2, 3). For example, in a large study of
nearly 10,000 cancer patients with a wide variety of tumors p53 specific antibodies were
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present in 20–40% of those harboring the p53 missence mutation (4, 5). Our group has
demonstrated that HER-2/neu (HER2) antibody immunity can be detected in early stage
breast cancer patients and is positively correlated with overexpression of the HER2 protein
by the tumor (6, 7). The potential for using serum antibodies as cancer diagnostic
biomarkers has also been demonstrated by others (2, 8–10). A tumor antibody signature
composed of 22 antigen fragments had 88.2% specificity and 81.6% sensitivity in
discriminating between patients with and without prostate cancer (2). Another study of
antibodies against defined tumor antigens in serum specimens from 527 patients with cancer
and 346 controls found that a panel of seven antigens was useful for the diagnosis of cancer
(9). More recently, a study focused on early stage breast cancer showed that a classifier
based on 28 serum autoantibodies can discriminate cancer patients from control women with
a sensitivity of 80.8% and a specificity of 61.6% (AUC = 0.756) (10). With these
encouraging results, we hypothesized that serum antibodies may develop before the clinical
diagnosis of disease and may aid in early detection.

The immune system can respond to immunogenic proteins when those proteins are present
at low levels not detectable by direct protein screening (11). Theoretically, serum antibodies
to oncogenic proteins may develop before the clinical onset of disease. Indeed, it has been
shown that serum antibody to p53 can be detected in high risk populations such as patients
with chronic obstructive pulmonary disease and Barrett’s esophagus and predate the
diagnosis of cancer (4, 12). With respect to breast cancer, there is some evidence that serum
antibodies can be detected in early stage cancer patients and in patients with carcinoma in
situ (13–15), but it has not been previously explored whether serum antibodies can be
detected in asymptomatic populations and predate cancer diagnosis. We assessed whether a
panel of candidate tumor antigens that are commonly identified in patients with established
disease elicit a similar antibody response in sera from newly diagnosed patients and sera
drawn before breast cancer diagnosis.

Materials and Methods
Subjects

The use of human samples was approved by the University of Washington Institutional
Review Board. Three independent sample sets, collected at different times as to breast
cancer diagnosis, were used for this biomarker study (Figure 1). The initial triage set
consisted of 98 breast cancer samples (age range: 34–76; average: 52) collected at the time
when they started treatment (distant from diagnosis) at the Tumor Vaccine Group at
University of Washington and 98 age-matched controls (age range: 24–76; average: 52)
collected at the Puget Sound Blood Center (Seattle, WA). The stage distribution for the
breast cancer patients was 19% stage II, 48% stage III, and 34% stage IV. The primary
validation set consisted of sera collected at the time of diagnosis from 20 stage III breast
cancer patients and 20 age-matched controls from the MD Anderson Cancer Center
(Houston, TX). The secondary validation set consisted of pre-diagnostic samples collected
from 78 women that participated in the Women’s Health Initiative (WHI) cohort studies.
The WHI is a major epidemiologic and disease prevention project, sponsored by National
Institute of Health (NIH) to address the most common causes of death, disability and
impaired quality of life in postmenopausal women. It involves 161,808 women aged 50–79,
and includes one of the most definitive, far-reaching clinical trials of post-menopausal
women’s health ever undertaken. We have analyzed antibody responses in plasma samples
collected from 33 cases and 45 controls that were matched for age, date of blood collection
and duration of storage (within six months). Breast cancer sera were collected on average
more than 150 days (range: 21–262 days) before a breast cancer diagnosis. Controls were
selected to be free of breast cancer throughout a follow-up period of 5 years, and cases and
controls were selected that were never users of postmenopausal hormone therapy.
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Assessment of autoantibody reactivity using ELISA
The measurement of serum autoantibodies to tumor antigen HER2 was carried out using
capture ELISA using SKBR3 cell lysate as the source of HER2 antigen, as previously
described (16). In brief, plates were coated with 520C9, a murine monoclonal antibody
directed against human HER-2/neu and then incubated with SKBR3 cell lysate. Unbound
lysate was washed off before addition of serum samples. After incubation and washing, goat
anti-human IgG-HRP conjugate (Zymed) was added and TMB substrate (Kirkegaard and
Perry) was used for color development (16). Using Western blot as the “gold standard”, the
HER2/neu capture ELISA assay had a sensitivity of 89% and a specificity of 77% (16).
Assays for the other tumor antigens were done using recombinant proteins, p53 (Sigma
Chemicals, St. Louis, MO), insulin-like growth factor binding protein 2 (IGFBP2, Sigma),
carcinoembryonic antigen (CEA, Protein Sciences Corporation, Meriden, CT), MUC-1
(Abnova, Taipei, China), cyclin B1 (cycB1, U.S. Biological, Swampscott, MA),
topoisomerase II alpha (TOPO2α, Topogen, Columbus, OH), and cathepsin D (catD, U.S.
Biological). The recombinant proteins were coated overnight on 96-well plates in carbonate
buffer. After blocking, the sera was added in duplicate titration sets and the plate was
developed as described previously (17).

Assays of serum autoantibodies to tumor antigens using protein arrays
Assays of serum autoantibodies to tumor antigens in the WHI samples were done using
customized protein microarrays as previously described (18). In brief, recombinant proteins
were arrayed in duplicate onto nitrocellulose-coated slides using a contact printer. Serum
samples were hybridized with the protein microarray for 3 hours at 4 °C. Slides were then
incubated with Cy5-labeled anti-human IgG for 1 hour at 4 °C. Local background-subtracted
median spot intensities for downstream statistical analysis were generated using GenePix
software.

Statistical analysis
The level of serum antibodies between cancer and control were compared using an unpaired
Student t test with Welch’s correction. Difference in the incidence of a serum antibody
response between cancer cases and controls was evaluated using a χ2 test. The sensitivity
and specificity of the test based on a single or combination of antibodies were evaluated
using the receiver-operating-characteristic (ROC) curve analysis, leading to estimates of the
area under the curve (AUC), with 95% confidence intervals. Statistical analysis was carried
out in SPSS software, version 15.0.

Results
Antibodies to HER2, p53, CEA, and cycB1 are increased in sera collected distant from
diagnosis or at the time of diagnosis

We first evaluated serum antibody levels using sera collected at the time of treatment
(distant from diagnosis). Eight candidate tumor antigens selected based on prior studies
(HER2, IGFBP2, p53, Topo2α, MUC1, CEA, catD, cycB1) (17) were investigated for
autoantibodies in these sera. Four antigens (HER2, p53, CEA, and cycB1) exhibited
statistically significantly increased autoantibody responses in cancer patients compared to
controls: HER2 (0.67±0.15 μg/ml in case vs. 0.14±0.04 μg/ml in control, p=0.0012), p53
(0.49±0.17 μg/ml in case vs. 0.04±0.01 μg/ml in control, p=0.0005), CEA (0.27±0.05 μg/ml
in case vs. 0.10±0.02 μg/ml in control, p=0.0022), and cycB1 (0.34±0.05 μg/ml in case vs.
0.17±0.04 μg/ml in control, p=0.011; p=0.0001 when one outlier value in the control group
was removed) (Fig. 2A). A sample was defined as positive if the magnitude of response was
greater than mean+2SD of the previously analyzed reference population. The percentage of
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individuals that are positive for the antibody response, as judged by this criteria, was also
significantly higher in cancer patients than controls for the 4 antibodies: HER2 (17% in case
vs. 6% in control, p=0.02), p53 (22% vs. 3%, p<0.0001), CEA (26% vs. 13%, p=0.03), and
cycB1 (12% vs. 3%, p=0.03) (Fig. 2B). It is noted that none of the single antigen antibody
response fractions was higher than 30%. However, sixty-one percent of patients have an
antibody response to at least one of the 4 antigens. The sensitivity and specificity of tests
based on individual markers or the sum of the 4 serum autoantibody IgG levels are shown in
Figure 3. The unweighted sum of the 4 antibody levels results in an AUC of 0.79 (95% CI:
0.73–0.85, p<0.001). At a cutoff value of 0.43 μg/ml total serum antibodies (sum of 4
antibody levels), the assay has a sensitivity of 79% and a specificity of 68% in the samples
collected at a time distant from diagnosis.

We then determined the performance of these four antibody levels in sera from newly
diagnosed breast cancer patients. As shown in Figure 4, three of the four antibodies, HER2,
p53, and cycB1, were more frequently detected in sera collected from patients with newly
diagnosed breast cancer than controls. An unweighted combination of the three Abs results
an AUC of 0.73 (95% CI: 0.56 to 0.87, p=0.018).

Antibodies to HER2 and p53 can be detected in pre-diagnostic sera
We next questioned whether these serum antibodies can be detected in sera drawn before the
time of diagnosis. Using pre-diagnostic sera from the WHI study, we found that 15% of
cases were positive for HER2 Abs, and 6% were positive for p53 Abs, while no controls
were positive for Abs to either protein (Fig. 5A). No tested samples were positive for cycB1
Abs. This is concordant with the presented findings in late-stage patients, where HER2 and
p53 had a higher incidence of Abs than cycB1 (Fig 2B). The performance of each individual
serum antibody and combinations are shown in Fig. 5B and C. The pre-diagnostic sera have
significantly increased serum antibody responses to HER2 (AUC=0.63, p=0.026) but the
responses to p53 and cycB1 were not different from control. Because the pre-diagnostic sera
were obtained at a wide range of time (ranging 22 to 262 days before diagnosis), we
questioned whether HER2 antibody might develop over time and is more frequently found
in samples collected close to the time of diagnosis. As shown in Figure 6, there is no clear
association between HER2 antibody level and the time prior to diagnosis, and the 5 positive
samples (shown in black filled dots) spread over the range of time prior to diagnosis.

Discussion
Studies described here show that multiple cancer specific autoantibodies are present in the
sera of breast cancer patients collected distant from diagnosis or at the time of diagnosis, and
the combination of autoantibodies can significantly discriminate cancer patients from
controls. We further show that a fraction of these autoantibodies are present in pre-
diagnostic sera and is potentially useful for early detection.

Due to the limited availability of pre-diagnostic sera, the standard approach for biomarker
discovery is to use samples from symptomatic patients and often from patients with
advanced disease (19). Established cancer may behave differently from pre-clinical disease,
so it remains unknown whether markers identified from patients with established disease can
also apply to samples collected at earlier time points, at the time of diagnosis or even before
diagnosis. Investigations in ovarian cancer have shown that none of the biomarker panels
that were discovered in diagnostic samples of ovarian cancer could be validated in pre-
diagnostic samples (20). Interestingly, our results suggest that autoantibodies discovered in
sera from established disease may also be detectable in pre-diagnostic sera. Indeed, out of
the 4 serum antibody markers identified from sera collected at time of treatment, three of
them (HER2, p53, and cycB1) can be validated in independent serum samples collected at
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the time of diagnosis. Furthermore, two of them (HER2 and p53) can be detected in WHI
samples that were collected on average at 153 days before diagnosis. The biological
differences between breast and ovarian tumor development could have contributed to the
observed difference on whether serum antibodies from post-diagnostic samples may apply to
pre-diagnostic samples. Our results on p53 are also consistent with previous reports on lung
cancer that serum antibody to p53 can be detected in high risk populations before clinical
diagnosis of cancer (4, 5, 12).

The two antigens that induce serum antibodies in pre-diagnostic sera, p53 and HER2, both
play critical roles in tumor development. p53 is a nuclear phosphoprotein that normally acts
as a tumor suppressor by inhibiting uncontrolled cell growth. Mutation in p53, which can
occur in up to 50% of all cancers, inactivates the normal function of p53 and results in
“immortalized cells” (17). Previous studies on lung cancer have shown that the anti-p53
antibody can be detected in high risk populations prior to clinical diagnosis of cancer (4, 12).
Using WHI samples, our study demonstrated that p53 antibody can be detected in 6% of
women who subsequently developed breast cancer. Similar to p53, HER2 is a receptor
tyrosine kinase that plays an important role in tumorigenesis. The amplification and
overexpression of HER2 occurs in 10%–30% of human primary breast cancers and is
associated with aggressive tumor behavior and poor prognosis (21). We have previously
shown that HER2 antibodies at titers of >1:100 were detected in 12 of 107 (11%) early stage
breast cancer patients versus 0 of 200 (0%) controls (13). Chapman et al also reported that
anti-HER2 antibody can be detected in 13% of patients with DCIS (22). HER2
overexpression has been reported in DCIS and has been shown to be a predictor for
transition from in situ to invasive breast cancer (23). Using the WHI sample set, the current
study shows HER2 antibody can be detected in 15% pre-diagnostic sera from cancer patients
and none of the matched controls, suggesting it may be a useful marker for early detection.
Although preliminary, these results indicate the potential of using serum antibodies as a
breast screening test in an asymptomatic population.

A major strength of our study is that the samples were collected from sources that avoided
systemic biases, which has contributed to the lack of validation of some previously reported
biomarkers. Pepe and colleagues have described the PRoBE (prospective-specimen
collection, retrospective blinded evaluation) design to eliminate systemic bias (24). The
WHI samples were collected before diagnosis and fit the recommended PRoBE design. To
our knowledge, our study represents the first report of the occurrence of serum autoantibody
responses in pre-diagnostic sera from breast cancer patients. However, it has to be noted that
the current study only used a very limited number of WHI samples (33 cases and 45
controls). As a result, there are only 5 cases positive for HER2 and 2 cases positive for p53.
Therefore, caution has to be taken as to not over interpret the data. The fact that the 5 HER2
positive samples spread over the range in their time prior to diagnosis suggests that anti-
HER2 antibody could develop well ahead of clinical detectable breast cancer. Out of the 2
cases that are positive for p53, one case is also positive for HER2. Again, the small sample
size makes it impossible to determine the overall degree of overlap in antibody response in
pre-diagnostic samples.

Mammography, the current screening modality, has a specificity over 90%, but the
sensitivity ranges between 30% and 90% and is dependent on age and breast density (25–
27). The sensitivity is lower in pre-menopausal women with dense breast tissue (26, 27).
Furthermore, cancers found in younger women tend to be more aggressive and grow faster
(27). Therefore, a blood-based test that may improve the sensitivity of mammography will
be very valuable. The low percentages of patient population tested positive for HER2 (15%)
and p53 (6%) in pre-diagnostic samples in the current study shows that these two antibodies
are not ready to have immediate clinical impact. However, more antibodies may be
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identified in pre-diagnostic sera and the combination of them might be useful. In the current
study, we don’t have enough clinical subtype information to determine the potential
association between serum anti-HER2 antibody and tissue positivity for HER2, but we have
previously shown that presence of HER2 antibody is significantly associated with HER2
overexpression in tissue (7). We also don’t have sufficient information to address whether
the presence of endogenous HER2 antibody is associated with responsiveness to Herceptin
treatment. However, a study by Taylor et al has shown that anti-HER2 humoral immunity is
induced during trastuzumab therapy (from 29% to 56%) and correlates with favorable
clinical response (28).

In summary, results from this study show that autoantibodies to tumor antigens can be
detected in serum samples collected at different time points relative to diagnosis, and
biomarkers identified using sera from patients having established disease can also be
detected in pre-diagnostic sera. The sample sizes used in the current study are relatively
small, especially the pre-diagnostic sera from WHI study. Therefore, the results are
preliminary and need verification in future studies with larger sample size. The lack of
comparison to benign condition is also a limit. However, these novel preliminary findings
are encouraging and warrant future large scale studies to further investigate the potential of
developing a serum antibody-based assay for screening asymptomatic populations.
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Figure 1.
Schematic diagram of study design.
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Figure 2. Breast cancer patients have elevated levels of serum antibodies to HER2, p53, CEA,
and cyclin B1
(A) Shown are the magnitude of antibody responses (μg/ml) in 98 breast cancer patients
(filled circles) and 98 controls (empty circles). Each data point represents the value from an
individual cancer or control donor. *, indicates two out-of-range values, 11.26 and 11.50 μg/
ml. (B) The columns represent the percentage of individuals positive for a single antibody
response in breast cancer patients (black columns) and control donors (white columns).
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Figure 3. Sensitivity and specificity of the assay based on individual or combination of 4 serum
antibodies for differentiating between breast cancer and control in the initial triage set
ROC curves indicate the level of serum antibody (IgG) levels in sera from cancer patients
(N=98), as compared with the Ab levels in sera from control donors (N=98). AUC denotes
area under the curve.
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Figure 4. Sensitivity and specificity of the assay based on individual or combination of 3 serum
antibodies for differentiating between breast cancer and control in the validation set of samples
from newly diagnosed patients
ROC curves indicate the level of antibodies to HER2, p53, CEA, and cycB1, or the
combination of them in sera from cancer patients (N=20), as compared with the Ab levels in
sera from control donors (N=20). ROC curves based on both sum 3 (HER2+p53+cycB1,
dotted grey line) and sum 4 (HER2+p53+CEA+cycB1, solid line) are shown.
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Figure 5. Sensitivity and specificity of the assay based on individual or combination of 3 serum
antibodies for differentiating between breast cancer and control pre-diagnostic sera from WHI
study
(A) The seropositivity of antibodies to p53, HER2, and cycB1 in control and cases in WHI
samples. The black bars indicate response rates in cases. The response rate in control was
zero for all three antibodies. (B) ROC curves indicate the level of serum antibody (IgG)
level to individual antigens, HER2, p53, and cycB1, in sera from cancer patients (N=33), as
compared with the Ab levels in sera from control donors (N=45). AUC denotes area under
the curve. (C) ROC curve indicates the level of serum antibody (IgG) level to the
combination of HER2, p53, and cycB1 in sera from cancer patients and control. AUC
denotes area under the curve.
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Figure 6. Distribution of HER2 antibody responses over time prior to diagnosis
Shown are anti-HER2 IgG levels (log2 transformed fluorescent intensities) in the 78 WHI
sample (33 cases and 45 controls). The 5 samples that are positive for HER2 antibody
response are shown as filled black dots. The other samples are shown as unfilled circles.
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