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Abstract
There is an increasing amount of emphasis being placed on serological biomarkers as tools for early
detection of various cancers. In addition to the tumor-related circulating antigens under current
investigation, autoantibodies to tumor-associated antigens are emerging as alternative candidates due
to their potential high sensitivity and specificity. Already a number of specific autoantibodies have
been identified and several groups have reported on the ability of panels of autoantibodies to
discriminate malignant from non-malignant conditions. In this investigation we evaluate tumor-
associated antigen autoantibody profiles in a group of healthy individuals. We identify a subset of
individuals that demonstrate high levels of autoantibody production across the spectrum of tumor-
associated antigens tested. We conclude that this observation is a result of undefined non-malignant
autoimmune stimulation. Our findings may be an indication of factors present in the general
population that may confound multiplex autoantibody-based diagnostic tests by reducing assay
specificity. Such factors will require further characterization and the development of adequate
controls in order to improve the performance of diagnostic tests.
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Introduction
Immune surveillance of the early events of tumorigenesis may provide the key to early
detection. Molecular alterations emanating from malignant cells stimulate a localized humoral
immune response in nearby lymph nodes, which in turn leads to a systemic immune response.
This response may be detected clinically in the form of circulating autoantibodies specific for
tumor-associated antigens (TAA). An increasing amount of attention is being paid to the
potential role of circulating antigens as cancer biomarkers. Such antigens are held to represent
factors shed from the growing tumor as well as components of the host response. TAA
autoantibodies offer several distinct advantages over antigenic biomarkers due to their inherent
stability and specificity [1]. The nature of B-cell stimulation results in an amplified antibody
response to a relatively small amount of antigen. This stimulation may stem from subtle
changes such as antigen upregulation or altered glycosylation patterns [2]. Autoantibodies
specific for TAAs have been detected in high titer in early stage cancer patients [3] and may
indicate potential targets for immune therapy given their demonstrated activation of immune
pathways [4–6].

Autoantibodies specific for oncogenic proteins such as p53 [7], her2/neu [3], MUC1 [8] and
c-myc [9] have been previously detected in human cancers and considered as potential
biomarkers. Serological expression cloning utilizing phage expression libraries, or SEREX,
was first developed over 10 years ago [10] and has led to the identification of over 2000
autoantigens. While no single autoantibody has demonstrated the sensitivity and specificity
required of a diagnostic test, advances based on the SEREX principle such as combinatorial
phage display have enabled the development of multiplexed approaches. Investigations
utilizing phage display have reported autoantibody panels that discriminate prostate [11], stage
I NSCLC [12], and breast cancers [13] from controls with sensitivity/specificity of 88/82%,
90/90%, and 77/83% respectively. High throughput methods such as protein microarrays and
glycan arrays, which screen for immunogenic alterations in glycosylation [14], have also been
utilized to identify autoantibodies in ovarian [15] and breast cancers [2].

The greatest challenge encountered in the development of any diagnostic test based on
serological biomarkers is the identification of individual markers highly specific for the
malignant condition. The use of autoantibodies as biomarkers presents a unique set of
challenges in that non-malignant conditions such as environmental factors, pathogen invasion,
and autoimmune disease can trigger the production of a high-level of IgG and IgM
autoantibodies which recognize various TAAs and thus reduce biomarker specificity [16–
18]. We conducted an analysis of TAA autoantibodies in a large set of healthy control subjects.
We identified a subgroup of individuals within our study set that demonstrated highly elevated
levels of TAA autoantibodies for most of the antigens tested. We present these results as
evidence of a potentially significant obstacle that must be overcome in order to advance the
clinical relevance of autoantibody-based diagnostic methods.

Experimental
Materials and Methods

Study population and serum collection—Serum samples from 205 healthy controls
were obtained for use in this study. 150 samples were collected as part of the Pittsburgh Lung
Screening Study (PLuSS) [19] according to study protocols. An additional 55 samples were
collected by the Early Detection Research Network (EDRN) according to a defined protocol
[20]. Written and informed consent was obtained for each patient and all protocols were
approved by the University of Pittsburgh IRB. The study group included active and non-active
smokers and non-smokers. The characteristics of the study group are outlined in Table 1.
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Multiplexed bead-based TAA autoantibody assay development—Serum samples
were tested for autoantibodies to 36 distinct tumor associated antigens chosen on the basis of
published evidence (Table 2). The Luminex (Austin, TX) xMAP™ platform allows the
simultaneous detection of up to 100 analytes based on the covalent attachment of specific
capture molecules to internally-dyed spectrally distinct microbeads. Recombinant or native
peptides corresponding to each target antigen were employed as capture probes and coupled
to Luminex microbeads as previously described [21]. The individual microbead-antigen
combinations were combined into multiplex panels in a stepwise fashion as each assay
completed development and validation. Assay specificity was first evaluated by incubation of
antigen-coupled microbeads with unrelated human IgG or IgM. Specificity was further
evaluated by incubation of antigen-coupled microbeads with serum preincubated with antigen
coated polystyrene beads (Sigma, St. Louis, MO) to remove specific autoantibodies, or Protein
A/G Sepharose (EMD, Gibbstown, NJ) to absorb all IgG.

Data collection and analysis—Assays were performed and validated as described
previously [22]. Briefly, antigen-coated microbeads were blocked with bovine serum albumin
for 1 hour, washed, and then incubated with serum diluted 1:100 in blocking buffer for 30 min
at 4°C. This dilution was deemed optimal for antibody recovery based on titration (data not
shown). Following this incubation, microbeads were washed and bound antibodies detected
by phycoerythrin-conjugated donkey anti-human IgG/IgM (Jackson Laboratories, West Grove,
PA). Fluorescence was measured on a Luminex 100 analyzer. The data was analyzed using
GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA) Standard statistical methods were used
to establish relative fluorescence intensity distributions for each analyte and divide the data
into percentiles. Values observed to be greater than the ninety-fifth percentile were considered
exceptional.

Results
The analysis of our experimental results revealed a subset of individuals that demonstrated
significantly elevated levels of autoantibodies to multiple TAAs tested (Figure1, Table 3). We
established a statistical cutoff at the 95th percentile for each analyte tested and noted the
distribution of results above that level. While outliers with respect to each analyte were
observed intermittently throughout the study population, serum samples from nine individuals
were found to contain autoantibody levels above the cutoff level for >40% of the antigens
tested. Four of these samples were above cutoff levels for >75% of all tested antigens and many
of the observed autoantibody intensities represented >10-fold increases over the cutoff levels.
Each of these noteworthy subjects demonstrated autoantibody levels which fell below the
cutoff value for at least one tested antigen, indicating that these results were not a product of
sample evaporation. These observations in healthy control subjects suggest the influence of
external stimuli of autoimmunity serving to confound our investigation.

Discussion
As was previously discussed, any effective serological biomarker-based screening test would
require the use of combinations of biomarkers, as all individual biomarkers evaluated to date
have lacked either sufficient sensitivity or specificity. The results we present here may represent
a potential pitfall for multimarker approaches. We describe healthy normal individuals with
elevated levels of numerous TAA autoantibodies which would serve to lower the specificity
of any multimarker screening strategy based on those autoantibodies. Current clinical standards
for cancer screening include stringent requirements for specificity. For example, given the low
prevalence of ovarian cancer, it has been suggested that a screening strategy must achieve a
minimum specificity of 99.6% and a sensitivity of >75% for early stage disease to avoid an
unacceptable level of false-positive results [23,24]. In our investigation the 9 individuals
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demonstrating elevated levels of >40% of tested autoantibodies represent 4.39% of our study
population. If our study population is representative of the general population, this suggests a
maximum diagnostic specificity of <96% for a test based on these autoantibodies, a level which
no published study of this type has yet achieved. Clearly this is an observation that must be
incorporated into continuing efforts to develop TAA autoantibody-based screening.

The 205 healthy subjects considered in this investigation represent the control arm of a larger
study group that includes 815 patients diagnosed with a variety of benign and malignant
conditions. The diseased group was comprised of conditions of the liver, esophagus, pancreas,
lung, ovary, breast, and prostate and also melanoma. We found that sera from 24 (~2.9%) of
these patients contained TAA autoantibody profiles similar to those of the 9 control subjects
discussed above (data not shown). Considered together, these findings support the notion that
these aberrant autoantibody profiles arise independent of our current set of clinical variables.

The source of the background level of autoimmunity observed in our investigation is unclear.
One aspect or our study population that distinguishes it from the general population is the
prevalence of smokers. In our study almost 88% of subjects were current or former smokers,
while the CDC estimates the equivalent prevalence in the entire US to be almost 42% [25].
Epidemiologists have established causal links between cigarette smoking and autoimmune
disorders such as system lupus erythematosus (SLE), rheumatoid arthritis (RA), multiple
sclerosis (MS), Graves’ hyperthyroidism, and primary biliary cirrhosis (PBC) [26–29]. In
attempts to characterize these links, researchers have shown that cigarette smoke has profound
stimulatory effects on peripheral blood leukocytes, particularly neutrophils, macrophages and
monocytes, and leads to increased cellular release of CRP, IL-6, fibrinogen, and matrix-
metalloproteinases (reviewed in [30]). Although the role of smoking in autoimmunity is well
established, its role in this investigation is not as straightforward, as four out of the nine
exceptional subjects we identified are non-smokers. The nine-subject subset is equally
nondescript with regards to gender and age, being comprised of five males and four females
with ages ranging from 38–83. Thus, the observation we describe here is evidently
multifactorial and warrants further investigation.

Conclusions
We report the findings outlined above not with the intent to discourage attempts to develop
TAA autoantibody screening panels, but in the hope that our observation might lead to further
refinement of those efforts. These refinements are certain to involve methods of controlling
for background autoimmunity and the identification of tumor-associated antigens that interact
with host immunity in a manner independent of any background humoral response. Given the
inherent complexity and our limited understanding of the humoral response to tumorigenesis,
it is not surprising that obstacles such as these will arise. However, the substantial promise and
potential benefits of this type of diagnostic strategy remain clear.
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Figure 1. Autoantibodies to tumor associated antigens
Autoantibodies were measured by bead-based immunoassay in serum obtained from 205
healthy donors. Autoantibody levels from nine high-titer subjects are shown along with 95th

percentile level for selected antigens. Solid lines connect measurements from individual
subjects. Legend abbreviations: fem – female, NS – no smoking history, CS – current smoker,
FS – former smoker.
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Table 1
Characteristics of Study Population

Description Age N %

Male 34–83 101 49.3

Female 36–81 104 50.7

Smoking Status N %

Active 84 41.0

Former 96 46.8

Never/Unkown 25 12.2
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