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Abstract
Since intracellular proteins involved in carcinogenesis have been shown to provoke autoantibody
responses, autoantibodies can be used as probes in immunoproteomics to isolate, identify, and
characterize potential tumor-associated antigens (TAAs). Once a TAA is identified, several
approaches will be used to comprehensively characterize and validate the identified TAA/anti-
TAA systems that are potential biomarkers in certain types of cancer. Our ultimate goal is to
establish rigorous criteria for designation of an autoantibody to a TAA as a cancer biomarker,
examine candidate TAAs for sensitivity and specificity of anti-TAA antibody response, and
further develop customized TAA arrays that can be used to enhance anti-TAA antibody detection
in cancer. This review will mainly focus on the recent advances in our studies using
immunoproteomic approach to identify and characterize TAAs as biomarkers in cancer.

Keywords
autoantibody; tumor-associated antigen; immunoproteomics; immunodiagnosis; cancer

1. Introduction
Cancer has long been recognized as a multi-step process, which involves not only genetic
changes conferring growth advantage but also factors that disrupt regulation of growth and
differentiation [1–3]. It is possible that some of these factors could be identified and their
functions evaluated with the aid of autoantibodies arising during tumorigenesis. Although
the mechanisms leading to autoantibody production in cancer patients are not completely
understood, emerging evidence indicates that most tumor-associated antigens (TAAs) are
cellular proteins whose aberrant regulation of function could be linked to malignancy [4].
Several approaches are currently available for the identification of TAAs in cancer. One of
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the approaches is the utilization of serum antibodies from cancer patients to immunoscreen
cDNA expression library to identify TAAs in cancer, and some of these identified TAAs
may have potential diagnostic values in cancer diagnosis. Another approach involving the
use of a proteome-based methodology, which is generally named as immunoproteomics, has
been recently implemented in our laboratory for the identification of TAAs in cancer [5–7].
The practical utility of these approaches remains to be established with the proviso that
efforts should be made to identify tumor-associated from tumor-irrelevant antigens. This
review will mainly focus on the recent advances in our studies using immunoproteomic
approach to identify and characterize TAAs as biomarkers in cancer.

2. Tumor-associated antigens (TAAs) and anti-TAA autoantibodies
As described above, many studies have demonstrated that cancer sera contain antibodies that
react with a unique group of autologous cellular antigens called TAAs [8, 9]. The types of
cellular proteins that induce these autoantibody responses are quite varied and include the
tumor suppressor p53 [10, 11], p16 [12], oncogene products such as c-Myc [13], HER-2/neu
[14], and CIP2A/p90 [15, 16], proteins that protect mRNAs from degradation such as IMPs
[17], onconeural antigens [18], differentiation-antigens such as tyrosinase, cancer/testis
antigens [19], and anti-apoptotic proteins such as survivin [20] and LEDGF [21], etc. The
different factors leading to the increased production of such autoantibodies are not
completely understood. However, available data show that many of the target antigens are
cellular proteins like p53 whose aberrant regulation or overexpression could lead to
tumorigenesis [10, 11]. A highly informative study showed that in lung tumors containing
several types of p53 gene mutations, including missense, stop codon and frameshift
mutations, only the missense p53 mutations, with overexpression of a protein that altered
function and increased the protein stability, correlated with autoantibody production [22]. In
the case of the mRNA binding protein p62, a fetal protein absent in adult tissues, the
presence of autoantibodies relates to abnormal expression of p62 in tumor cells [23]. The
immune systems of certain cancer patients appear to sense these aberrant tumor-associated
proteins as foreign antigens and have the capability to respond by producing autoantibodies
which we generally called anti-TAA antibodies [24]. Thus, these ant-TAA antibodies might
be regarded as reporters identifying aberrant de novo or dysregulated cellular mechanisms in
tumorigenesis [4, 8, 9]. In recent years, the potential utility of TAAs and ant-TAA antibody
systems as early cancer biomarker tools to monitor therapeutic outcomes or as indicators of
disease prognosis has been extensively explored.

Interest in the use of anti-TAA antibodies as serological markers for cancer diagnosis
derives from the recognition that these antibodies are generally absent, or present in very
low titers, in normal individuals and in non-cancer conditions [8, 9, 25]. 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 rapidly degrade or are
cleared after circulating in the serum for a limited time [24]. Furthermore, the widespread
availability of methods and reagents to detect serum autoantibodies facilitates their
characterization in cancer patients and assay development. However, in contrast to
autoimmune diseases, where the presence of a particular autoantibody may have diagnostic
value, cancer-associated autoantibodies, when evaluated individually, have little diagnostic
value primarily because of their low frequency. We have observed that this drawback can be
overcome 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 [26].
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3. Immunoproteomic approach in the identification of TAAs
The methods which we have used in the identification of putative TAAs has involved
initially examining the sera from cancer patients using extracts of tissue culture cells as
source of antigens in Western blotting and by indirect immunofluorescence on whole cells.
With these two techniques, we identify sera which have high-titer fluorescent staining or
strong signals to cell extracts on Western blotting and subsequently use the serum antibodies
either in isolating cDNA clones from cDNA expression libraries or in immunoproteomics to
identify tumor-associated proteins. Using the approach of immunoscreening cDNA
expression libraries, several novel TAAs including HCC1 [27], SG2NA [28], CENP-F [29],
p62/IMP2 [30] and p90/CIP2A [15, 16] have been identified. Several novel as well as
previously defined tumor antigens have been also identified with autoantibodies from
patients with different types of cancer [31] using a methodology called SEREX (serological
analysis of recombination cDNA expression libraries) [32], which is essentially a
modification of our previous approach [27–30]. Immunoscreening of cDNA libraries with
serum antibodies for identifications of autoantigens is a well-established method and has
been used not only to identify TAAs but also antigens in autoimmune diseases [33]. This
methodology was the basis of the methods described in SEREX with the difference that
cDNA expression libraries constructed from autologous patient tumor were used as substrate
in immunoscreening. Subsequent reports using the SEREX technique have shown that the
TAAs identified are no different from standard methods using cDNA expression libraries
from cell lines derived from different sources, so that there did not appear to be any
advantage to using cDNA libraries from autologous patients.

In the past decade, the proteomic approach has been extensively implemented for identifying
tumor-associated proteins in cancer patients [34,35]. Compared to the approach of
immunoscreening cDNA expression libraries, which we have previously used, the
immunoproteomic technology allows individual screening of a large number of sera, as well
as determination of a large number of cancer-related antigens. The immunoproteomic
approach can also distinguish isoforms and the detection of autoantibodies directed against
post-translational modifications (PTMs) of specific targets. It is well known that mRNA
levels do not necessarily correlate with corresponding protein abundance [36]. Additional
complexity of protein is conferred by PTMs including phosphorylation, acetylation, and
glycosylation, as well as protein cleavage [37]. These modifications may not reflect any
change at the mRNA level but play important roles in protein stability, activity and
functions. Intracellular proteins may also participate in the transformation of a healthy cell
into a neoplastic cell. Therefore, protein levels may be more accessible and relevant to
therapeutic targets than mRNA levels.

A brief description of the immunoproteomic approach we have used to identify and
characterize TAAs is shown in Fig. 1. Briefly, the sera from cancer patients were initially
examined using extracts of tissue culture cells as the source of antigens in western blot and
by indirect immunofluorescence (IIF) on whole cells. With these two techniques, we
identified sera that have high-titer fluorescent staining or strong signals to cell extracts on
western blot and subsequently used the antibodies in these sera as probes in a proteomic
approach to isolate potential TAAs. Cell extract of cultured cancer cells was applied onto the
first dimension isoelectrofocusing gel (1D-IEF), and subsequently loaded onto the second-
dimension gel (2D-SDS-PAGE). The protein was transferred to the nitrocellulose membrane
or visualized by Coomassie blue staining (or silver staining). After immunoblotting with
cancer sera and normal human sera (as controls), a number of protein spots of interest were
excised from the 2D gels, digested by trypsin, and subsequently analyzed by mass
spectrometry (MS). In subsequent studies, we will use several approaches such as enzyme-
linked immunosorbent assay (ELISA), western blot and immunohistochemistry (IHC) with
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tissue arrays to comprehensively characterize and validate the identified tumor-associated
antigen-antibody systems that are potentially useful in cancer immunodiagnosis, and then
evaluate the sensitivity and specificity of different antigen-antibody systems as markers in
certain type of cancer for further developing “TAA array” systems for cancer diagnosis,
prediction, and for following the response of patients to treatment.

A potential pitfall in using an immunoproteomic approach is that most likely several
potential TAAs will not be detected, because of various limitations of two-dimensional gel
electrophoresis (2-DE) followed by in-gel trypsin digestion [38,39]. First, highly
hydrophobic, very large, or highly post-translationally modified (i.e., glycosylated,
phosphorylated) proteins are difficult to be resolved in the 2-DE. Secondly, in-gel digestion
of proteins resolved by 2-DE results in very low recovery of peptides. In solving the
problem, we suggest to use an immunoprecipitation approach and in-solution digestion of
potential TAAs. Briefly, purified serum IgG from cancer patients or normal individuals will
be labeled with Sulfo-NHS-biotin (Pierce Inc.) under physiological conditions to preserve
antibody activity. The cancer cell lysate will be incubated with biotinylated cancer serum
IgG (or with normal human serum IgG, as a control). Then, the cancer cell protein/cancer
serum biotin-IgG complexes will be immunoprecipitated with streptavidin-sepharose; and
after extensive washing, the specifically bound cancer cell proteins will be eluted with 1 M
propionic acid and immediately lyophilized. Cancer cell proteins will be digested with
trypsin and identified by LC-MS/MS analysis. Recently, this approach has been successfully
used in our laboratory.

4. Potential TAAs identified in cancer and other disease with
immunoproteomics

Recent several years, we have used immunoproteomic approach to extensively screen sera
from patients with certain types of cancer such as hepatocellular carcinoma (HCC) and
esophageal squamous cell carcinoma (ESCC), and sera from patients with pre-cancer
condition such as liver fibrosis to identify and characterize the potential TAAs [5–7]. Here,
we will briefly review the work we have done in HCC [5] and ESCC [6]. In the initial study,
we have applied an immunoproteomic approach to screen sera from patients with HCC and
pre-HCC conditions such as liver cirrhosis and chronic hepatitis as well as sera from normal
individuals, and identified 28 HCC-associated tumor antigens [5]. In order to distinguish
HCC-related and non-HCC-related proteins, the frequency of 28 identified proteins with
sera from different conditions were analyzed. As shown in Fig. 2, 17 were reactive not only
to serum antibodies in HCC but also in pre-HCC conditions, indicating these proteins might
not be appropriate TAA markers in HCC detection, and 11 were only reactive with serum
antibodies in HCC but not with antibodies in pre-HCC condition, suggesting these proteins
could be potential TAA markers in HCC. In the further analysis, two representative proteins,
heat shock protein 60 (HSP60) and heat shock protein 70 (HSP70), were selected as
examples for the validation purpose. The results from the immunoassay were consistent with
the data from proteomic analysis, supporting our hypothesis that proteins identified with
autoantibodies that have appeared in pre-cancer conditions may be not appropriate to use as
TAA markers in cancer detection.

More recently, immunoproteomic approach was also used to identify and characterize
cancer-associated proteins in ESCC [6]. Of 104 protein spots with different expression
levels found on 2DE, 47 proteins were eventually identified by MALDI-TOF-MS. Among
these identified proteins, 33 proteins including HSP70, high-mobility group box-1
(HMGB1), proteasome activator subunit 1 (PSME1), manganese superoxide dismutase
(MnSOD), peroxiredoxin-1 (PRDX1) and keratin 13 (KRT13), and so on were over-
expressed, and 14 proteins including cystatin B (CSTB), tropomyosin 2 (TPM2), annexin 1
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(ANX1), transgelin (TAGLN), keratin 19 (KRT19), and stratifin (SFN), and so on were
down-expressed in ESCC. In the subsequent study, the gene ontology (GO) analysis using
Goblet algorithm and searching sequences against TrEMBL and Swiss-Prot databases
(http://www.expasy.ch/sprot/) was performed to explore the function of these identified
proteins. As shown in Fig. 3, the 47 identified proteins were categorized in four groups
including molecular function, biological process, physiological process, and cellular
component. Proteins in each group were further categorized in different subgroups. For
example, proteins in the group of molecular function were divided into 11 subgroups such as
catalytic activity, nucleotide binding, oxidoreductase activity, and so on. In order to
understand the cancer association of these identified proteins, a literature search was
conducted with PubMed (http://www.ncbi.nlm.nih.gov/pubmed/). Based on the literature
search, 33 of the 47 identified proteins have been reported clearly relating to cancer.

4. A concern in using immunoproteomics to identify TAAs as biomarkers in
cancer immunodiagnosis

A major issue in the field of cancer immunodiagnosis is the definition of what constitutes a
TAA. It is erroneous to include all cellular antigens identified by autoantibodies in cancer
sera as TAAs since some autoantibodies may exist in conditions that pre-date malignancy.
This was particularly evident in several studies of subjects with HCC where serial serum
samples were available several years before malignancy when these subjects had conditions
such as chronic hepatitis and liver cirrhosis. In cases where the novel antigen-antibody
systems were characterized, many antigens turned out to be cellular components that have
been described to be aberrantly expressed in cancer.

As described in above section, we have used immunoproteomic approach to identify a group
of HCC- and ESCC-related proteins. Whether all these identified proteins can be used as
TAAs in cancer immunodiagnosis remains to be investigated. In the further characterization
of these identified proteins, we found that not all these proteins can induce autoantibody
response in cancer. As shown in Table 1, we have further evaluated 11 proteins identified in
ESCC, and found that only 4 proteins including HSP70 (heat shock protein 70), GSTO1
(glutathione S transferase omega 1), FKBP12 (FK506 binding protein 1A) and PRDX1
(peroxiredoxin 1) can induce significantly higher antibody response in ESCC patients
compared to normal individuals (unpublished data). These preliminary data strongly suggest
that not all proteins identified in cancer with immunoproteomics can be used as TAA
biomarkers, and only some of these proteins can induce antibody responses, which could be
potential TAAs in cancer immunodiagnosis. Failing to recognize the likelihood of pre-
malignancy circulating antibodies would result in the inclusion of many antigens
erroneously as TAAs, especially if serum drawn at one time point from a cancer subject was
used to characterize the antigens since this might include both cancer-related and unrelated
antigens.

5. Conclusion and Perspectives
With the application of cancer immunoproteomics in TAA identification and cancer
immunodiagnosis, our efforts was aimed at increasing both the sensitivity and specificity of
anti-TAA antibodies as biomarkers in cancer by expanding TAA array to include antigens
which might be more selectively associated with cancer and not with non-cancer conditions.
In cancer, the major task ahead is the continuing identification of TAAs, and the challenging
problem is the separation of tumor-associated from non-tumor-associated antigens, because
autoantibodies to other cellular antigens can be present before appearance of new antibodies
occurring with malignancy [40–42]. In our experience, it has been necessary to validate a
candidate TAA by testing not only with cancer sera but also with pre-cancer sera when
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available and with sera from other autoimmune disorders. Our previous studies have
demonstrated that a panel of recombinant TAAs could enhance the sensitivity and
specificity of autoantibody detection in cancer [26, 43–46]. It will be expected that the
further investigation on other identified proteins from these studies may help us to define
more proteins as candidate TAAs for the formulation of a more cancer-specific TAA array
in immunodiagnosis of certain types of cancer. A mini-array protein chip of multiple TAAs
can be also developed and evaluated as a novel non-invasive approach for early detection of
cancer. The molecular identification and characterization of TAAs in cancer will also
contribute to our understanding of their role in malignant transformation, thereby providing
attractive candidates for early diagnosis and targeted therapies.
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Take-home messages

• Antigenic changes in cancer cells can be recognized by the immune system of
patients themselves and presented as autoantibody responses to proteins
involved in malignant transformation. These autoantibodies, which have been
called “reporters” from the immune system, can be used as probes in
immunoproteomics to isolate, identify, and characterize potential tumor-
associated antigens (TAAs).

• A proteome-based methodology, which is generally named as
immunoproteomics, has been recently implemented for the identification of
TAAs in cancer. A large number of so-called cancer-associated proteins were
identified.

• Our data demonstrates that not all proteins identified in cancer with
immunoproteomics can be used as TAA biomarkers, and only some of these
proteins can induce antibody responses, which could be potential TAAs in
cancer immunodiagnosis.

• The practical utility of the immunoproteomic approach remains to be established
with the proviso that efforts should be made to identify tumor-associated from
tumor-irrelevant antigens.
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Figure 1.
Schematic representation of identification and validation of TAAs using immunoproteomic
approach.
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Figure 2.
Frequency of immunoreactive proteins identified by autoantibodies in sera from patients
with HCC and pre-HCC conditions. Of 28 identified proteins, seventeen proteins such as
GRP78, sterotransferrin, HSP60 and so on were identified by antibodies in sera from
patients with either HCC, liver cirrhosis or chronic hepatitis, and 11 proteins such as
ORP150, aconitate dehydratase, HSP70 and so on were only identified by antibodies in sera
from patients with HCC.
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Figure 3.
Functional categorization of identified proteins in ESCC. Forty-seven identified proteins
were functionally categorized in four groups based on gene ontology (GO) annotation terms
and searching sequences against the TrEMBL and Swiss-Prot databases. Four functional
groups include molecular function, biological process, physiological process and cellular
component. Proteins in each group were further categorized in different sub-groups.
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Table 1

Frequency of autoantibody to 11 identified proteins in human ESCC sera by ELISA

Identified proteins ESCC NHS p

Heat Shock Protein 70 (HSP70) 39.1% (27/69) 1.3% (1/76) <0.01

Glutathione S-transferase omega 1 (GSTO1) 35.8% (24/67) 1.1% (1/90) <0.01

FK506 Binding Protein 1A (FKBP12) 35.8% (24/67) 1.1% (1/90) <0.01

Peroxiredoxin 1 (PRDX1) 11.9% (8/67) 1.1% (1/90) <0.01

Profilin1 7.5% (5/67) 1.1% (1/90) >0.05

High-Mobility Group Box-1 (HMGB1) 7.2% (5/69) 1.3% (1/76) >0.05

Chloride Intracellular Channel 1(CLIC1) 6.0% (4/67) 3.3% (3/90) >0.05

Annexin 1 (ANX1) 4.5% (3/67) 3.3% (3/90) >0.05

Bip Protein 3.0% (2/67) 3.3% (3/90) >0.05

Glyoxalase 1 (GLO1) 3.0% (2/67) 0.0% (0/90) >0.05

Cytokeratin 19 (KRT19) 1.5% (1/67) 1.1% (1/90) >0.05

Cutoff value: Mean+3SD of normal group

Abbreviation: ESCC, esophageal squamous cell carcinoma; NHS, normal human sera
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