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Abstract
Many studies demonstrated that cancer sera contain antibodies which react with autologous cellular
antigens generally known as tumor-associated antigens (TAAs). In our laboratories, the approach
used in the identification of TAAs has involved initially examining the sera of 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
these sera as probes in immunoscreening cDNA expression libraries, and also in proteomic approach
to isolate and identify targeted antigens which might potentially be involved in malignant
transformation. In this manner, several novel TAAs including HCC1, p62, p90 and others have been
identified. In extension of these studies, we evaluate the sensitivity and specificity of different
antigen-antibody systems as markers in cancer in order to develop “tumor-associated antigen array”
systems for cancer diagnosis, cancer prediction, and for following the response of patients to
treatment.
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1. Introduction
It is well established that cancer sera contain antibodies that react with a unique group of
autologous cellular antigens called TAAs_(1–3). The types of cellular proteins that induce
these autoantibody responses are quite varied and include the tumor suppressor p53 (4,5),

Address reprint requests to: Jian-Ying Zhang, M.D., Ph.D., Department of Biological Sciences, The University of Texas at El Paso, 500
West University Avenue, El Paso, Texas 79968. jzhang@utep.edu; Phone: (915) 747-6995; Fax: (915) 747-5808..
2Use wild type λ phage, specific clone(s), or a mixture of clones from the same library being screened.
3Plating as described above, using ~20,000 pfu per small plate or 200,000 pfu per large square plate. After 4–6 hours when the plagues
are visible, overlay plate with corresponding filter presoaked in IPTG. After several hours or overnight, flip nitrocellulose filter upside
down for several more hours of incubation at 37°C so that both side of the filter will be coated with phage / E. Coli. The number and size
of nitrocellulose filter required for absorption depends on the background signal for each screening serum.
4Proceed as for immunoblotting above, block filters with 3% milk/PBST, use 15 ml of 1:50 diluted serum in 3% milk in PBST against
8filters. Incubate primary antibody with filters for 1–2 hours with occasional mixing.
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oncogene products such as HER-2/neu and ras (6), proteins that protect mRNAs from
degradation such as p62 (7) and CRD-BP (8), onconeural antigens (9), differentiation-antigens
such as tyrosinase and the cancer/testis antigens (10), and anti-apoptotic proteins such as
survivin (11) and LEDGF (12). Factors leading to the production of such autoantibodies are
not completely understood but the available data show that many of the target antigens are
cellular proteins whose aberrant regulation or overexpression could lead to tumorigenesis, such
as p53 (4,5). A highly informative study showed that lung tumors contained several types of
p53 gene mutations including missense, stop codon and frameshift mutations, but it was the
missense mutations with overexpression of protein which altered function and increased
protein stability that correlated with antibody production (13). In the case of the mRNA binding
protein p62, a fetal protein absent in adult tissues, immunogenicity appears to be related to
abnormal expression of p62 in tumor cells (14). The immune system in certain cancer patients
appears to have the capability of sensing these abnormalities in cellular proteins and responding
by producing autoantibodies. Importantly, it has been shown that the patients' immune system
is capable of sensing abnormalities in cellular proteins involved in malignant transformation
earlier than clinical diagnostic procedures (5,15). An emerging concept is that autoantibodies
associated with a specific type of cancer are directed against aberrantly regulated or activated
protein components of molecular pathways involved in the malignant transformation process
in that particular type of cancer (1,16). Thus, cancer-associated autoantibodies might be
regarded as reporters identifying aberrant cellular mechanisms in tumorigenesis. In recent
years, research on humoral immunity to TAAs has received significant attention, and
investigators are now beginning to address specific clinical questions such as the potential
utility of TAA-autoantibody systems as early cancer biomarkers, tools to monitor therapeutic
outcomes, or indicators of disease prognosis (17).

2. Materials
2.1. Cell culture and cell extracts

1. HepG2 (human hepatocellular carcinoma) cell lines were obtained from the American
Type Culture Collection (ATCC) and cultured following the specific protocol.

2. Cells grown in monolayers were solubilized directly in Laemmli's sample buffer
containing protease inhibitors (Boehringer Mannheim). Solubilized lysates were
briefly sonicated and then electrophoresed on SDS-PAGE and transferred to
nitrocellulose paper.

2.2. Materials for cDNA expression library cloning
1. Amplified premade hepatocellular carcinoma (HepG2) cDNA library constructed in

the Uni-ZAP® XR vector (Stratagene, La Jolla, CA).

2. Host strains: Bacterial glycerol stock of XL1-Blue MRF' strain and SOLR™ strain
(Stratagene, La Jolla, CA).

3. ExAssist® interference-resistant helper phage (Stratagene, La Jolla, CA).

4. Isopropyl-1-thio-β-D-galactopyranoside (IPTG) (Fisher Scientific, Houston, TX).

5. Nitrocellulose membrane (Osmonics Inc. MA).

6. Chemiluminescent reagent (Pierce Biotechnology, Rockford, IL).

7. Additional reagents include 1M MgSO4, 20% maltose, tryptone, yeast extract,
antibiotics (tetracycline, ampicillin), SM buffer (5.8g NaCl; 2.0g MgSO4; 50ml Tris,
pH 7.4, 1M; 5ml 2% gelatin, add H2O to 1 liter and autoclave), PBS-Tween (PBST)
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solution, 3% non-fat dry milk in PBST, horseradish peroxidase(HRP)-conjugated
goat anti-human IgG (Caltag Laboratories, San Francisco, CA).

2.3. Materials for proteomic approach
1. Protein assay Bradford dye reagent. (Bio-rad, Hercules, CA)

2. Immobilized pH gradient IPG gel strip. (Bio-rad, Hercules, CA)

3. Dithiothreitol (DTT) equilibration buffer 1 for sulfhydryl group reduction. (2% DTT,
6M Urea, 20% SDS, 1.5 M Tris/HCl, pH8.8, 50% glycerol, nanopure water)

4. Iodoacetamide equilibration buffer 2 for sulfhydryl group alkylation. (2.5%
Iodoacetamide, 6M Urea, 20% SDS, 1.5 M Tris/HCl, pH8.8, 50% glycerol, nanopure
water)

5. Nitrocellulose membrane. (Osmonics Inc. MA)

6. Chemiluminescent reagent (Pierce Biotechnology, Rockford, IL).

7. Sequencing grade modified trypsin.(Promega, Madison, WI )

8. C18 bead ziptips (POROS R2) from Applied Biosystems, CA.

9. Additional reagents include proteomics grade water, mineral oil, PBS-Tween (PBST)
solution, 3% non-fat dry milk in PBST, horseradish peroxidase (HRP)-conjugated
goat anti-human IgG (Caltag Laboratories, San Francisco, CA), HPLC grade
Acetonitrile, ammonium bicarbonate, formic acid (FA), Methonal, Trifluoroacetic
acid (TFA).

3. Methods
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 antibodies in these sera to isolate
cDNA clones from cDNA expression libraries. In this manner, several novel TAAs including
HCC1 (18), SG2NA (19), CENP-F (20), p62 (7) and p90 (21) have been identified. Several
novel as well as previously defined tumor antigens have been recently identified with
autoantibodies from patients with different types of cancer (2) using a methodology called
SEREX (serological analysis of recombination cDNA expression libraries) (22), which is
essentially a modification of our previous approach (18,19). 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 (23).
This methodology was the basis of the methods described in SEREX (serological analysis of
recombination cDNA expression libraries) 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. A proteome-based approach has been recently implemented for
identifying tumor-associated antigens in cancer patients (24,25). The proteome-based
technology allows individual screening of a large number of sera, as well as potential
identification of a large number of autoantigens. Proteome-based approach can also distinguish
isoforms and the detection of autoantibodies directed against post-translational modifications
of specific targets. The practical utility of this approach remains to be established with the
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proviso that efforts should be made to identify tumor-associated from tumor-irrelevant
antigens. In this chapter, we will use the hepatocellular carcinoma (HCC)-associated antigens
as examples to describe how to isolate and identify TAAs as markers in cancer. The schematic
representation of TAA identification was shown in Figure 1.

3.1. Methods for cDNA expression library immunoscreening
1. Immunoscreening HepG2 cDNA expression library: The HepG2 cDNA expression

library constructed in the Uni-ZAP XR vector system was purchased from the
company (Stratagene, La Jolla, CA). One selected HCC serum was diluted 1:200 and
used as a probe for initial immunoscreening of the cDNA library. Before screening
the cDNA library, the HCC serum was extensively adsorbed against wild-type Uni-
ZAP XR phage infected E. coli mixture to reduce nonspecific antibody binding (See
Notes 1–5). All screenings were performed on duplicate isopropyl β-D-
thiogalactoside (IPTG) pre-impregnated nitrocellulose filters. Horseradish perosidase
(HRP)-conjugated goat anti-human IgG (CALTAG, Burlingame, CA) at 1:3000
dilution was used as secondary antibody, immunoreactive clones were detected by
chemiluminescence. Double positive phages in first screening were subsequently
screened to 100% purity. At least, 400,000 phage recombinants need to be screened
in each screening. Positive cDNA clones were isolated and converted to pBluescript
phagemid by in vivo excision using the EXAssist helper phage (Stratagene Inc.) with
SOLR strain. The phagemids were purified by Qiaprep spin columns (Qiagen,
Valencia, CA) and the size of insert was determined by restriction enzyme digestion
with EcoR1 and Xho1.

2. Sequencing of the positive cDNA clones derived from library screening: The cDNA
inserts of the pBluescript phagemid were sequenced with T3 and T7 primers by the
dideoxy chain termination method using SequiTherm EXCEL ™ II DNA Sequencing
Kit (Epicentre Technologies, Madison, WI, USA). All sequence data were analyzed
by BLAST search with known sequence databases.

3.2. Methods for proteomic approach
1. Two Dimensional SDS- Polyacrylamide Gel Electrophoresis (2D-SDS-PAGE)

Analysis: Cells were briefly sonicated with lysis buffer (10mM Tris 5mM EDTA,
50mM Nacl, 30mM Na pyrophosphate, 50mM Na fluoride, 1mM Na orthovanadate,
1% Triton, pH 7.6). Protein concentration was measured with Bradford assay (Bio-
Rad). For the first dimensional gel analysis, total protein 200 ug mixed with denatured
buffer and applied on pH 3–10 11cm isoelectric focusing strip (IEF) from Bio-Rad.
IEF was performed at a current of 50 mA per gel 300V 30 minute, followed by 8000V
2.5 hour and additional 5 hour (See Note 6). A total volthourproduct of 45 kvh. Strips
were immediately stored at −80 °C for SDS-PAGE analysis. The second dimension
was carried out using 15% polyacrylamide gels and 200V under an appropriate
cooling system (See Note 7).

1All sera, even “normals”, may have anti-bacterial and anti-phage antibodies. Sera used for screening must therefore be absorbed against
bacteria and phages.
5Remove absorbed sera and add equal volum of 3% milk PBST to generate 30 ml of 1:100 pre-absorbed antibody. Use immediately or
store at −20°C. Save filters for stripping and reuse.
6The current of IEF strips should be maintained below 100 mA. All proteins should be run through the desalt procedures if the voltage
of the gel cannot go up to the desired setting.
7Before starting the second dimension the strips are equilibrated in DTT equilibration buffer 1 for 15 min. Afterward, they were briefly
rinsed in double distilled water and equilibrated in Iodoacetamide equilibration buffer 2 for an additional 15 min. The IEF strips were
overlayered with a solution containing agarose (0.5% w/v) on the top of second dimension gels. The second dimension was carried out
using 10% or 15% polyacrylamide gels and current is non-limited per gel in a cooling system.
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2. Immunoblotting analysis: Proteins separated by first and second dimension were
transferred to pure nitrocellulose membranes (Osmonics Inc.). After preblocking with
phosphate-buffered saline containing 0.05% Tween-20 (PBST) and 5% nonfat milk
for 30 min at room temperature, the nitrocellulose membranes were incubated for 2
hour at room temperature with 1:300 dilution of serum. Horseradish peroxidase-
conjugated goat anti-human IgG (Caltag Laboratories, San Francisco, CA) was
applied as secondary antibody using 1:3000 dilution. Immunoreactive spots were
visualized by the ECL kit (Amersham, Arlington Heights, IL) according to the
manufacturer's instructions.

3. In-gel protein Digestion: The proteins of interest were excised from a Coomassie
stained preparative gel (See Note 8) and then washed with HPLC grade water,
followed by destaining with acetonitrile (ACN) for 15 min to remove coomassie blue
staining, and dried in a SpeedVac concentrator as described previously (26). After the
reduction (with 5mM DTT) and alkylation (with 10mM iodoacetoamide) of cysteine
residues, digestion was performed by addition of 12.5 ng/μL of typsin (Promega,
Madison, WI) in 50 mM ammonium bicarbonate containing 5 mM CaCl2 (See Note
9). Following the enzymatic digestion overnight at 37 °C, the peptides were extracted
with 25 mM ammonium bicarbonate/50% ACN, and with 5% formic acid (FA) in
50% ACN solution. After removal of acetonitrile by SpeedVac concentrator, the
sample was desalted by C18 bead ziptips (POROS R2, Applied Biosystems). The
samples were dried out by SpeedVac concentrator before mass spectrometry analysis.

4. LC-MS/MS Analysis: Samples were resuspended in 0.1% FA before running the LC-
MS/MS analysis. The liquid chromatography mass spectrum (LC-MS/MS) analysis
was carried using a nano HPLC (LC packings system, Ultimate) coupled to the ESI-
QUAD-TOF-MS (Micromass). Peptides were separated with the following gradient:
100% solvent A for 5 min, 0–50% solvent B in 25 min, 50–90% solvent B in 1 min
and 90% solvent B for 5 min (solvent A = 5% ACN/0.1% FA; solvent B = 80% ACN/
0.1% FA). The mass spectrometry (MS) spectra were collected for 2 sec in a range
between 400 and 1800 a.m.u. Each peptide with intensity higher than 10 counts was
submitted only once to fragmentation, using ramp collision energy (22–60 eV). The
MS/MS spectra were collected for 3 sec in a range between 50 and 2050 a.m.u.

5. Protein Identification: Protein identification was performed using MASCOT software
(www.matrixscience.com), and all tandem mass spectra were searched against the IPI
Human database. The following search parameters were used: trypsin is used as the
cutting enzyme, carbamidomethyl (C) and Oxidation (M) are chosen as fixed and
variable modifications, mass tolerance for monoisotopic peptide is set to 500 ppm,
fragment mass tolerance is set to 0.8 Da, protein mass is unrestricted, one missed
cleavage is allowed. Briefly, the algorithm searches candidate sequences from the
database by intact peptide masses. After this step, all candidates were submitted to a
in silico fragmentation, and the resulting theoretical fragments were compared with
the fragments from experimental spectrum. Finally a statistical analysis was used to
validate the sequences. Mascot validates its results based on the probability of the
identification being a random event.

8Spot patterns on each membrane are matched to an equivalent spot on original 2D-PAGE gel. This gel analysis can be done by using
PDQuest 2-D Analysis Software (Bio-Rad, Hercules, CA).
9If the gel pieces still have Coomassie blue staining, the gel pieces need to be rehydrated again in an equal volume of ammonium
bicarbonate and acetonitrile.
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Fig. 1.
Schematic representation of TAA identification. (A) TAA identification using cDNA library
immunoscreening. In brief, the sera from cancer patients were initially examined using extracts
of tissue culture cells as source of antigens in Western blot and by indirect immunofluorescence
(IIF) on whole cells. With these two techniques, we identify sera which have high-titer
fluorescent staining or strong signals to cell extracts on Western blot and subsequently use the
antibodies in these sera to isolate cDNA clones from cDNA expression libraries. (B) TAA
identification using proteomic approach. In brief, cell extract of cultured cancer cells was
applied onto the first dimension gel (isoelectrofocusing gel), and subsequently loaded onto the
second-dimension gel (2DSDS-PAGE). The protein was transferred to the nitrocellulose
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membrane or visualized by silver staining. High-titer sera from cancer patients and sera from
normal individuals (used as controls) were selected for the study. Reactivity with cancer cells
for all selected serum samples were confirmed by Western blotting analysis and
immunofluorescence assay. After immunoblotting with cancer sera and normal human sera, a
number of protein spots of interest were excised from the 2-D gels, digested by trypsin, and
subsequently analyzed by mass spectrometry (MS). In subsequent studies, we will characterize
identified tumor-associated antibody-antigen systems that are potentially useful for the early
detection of cancer, and then evaluate the sensitivity and specificity of different antigen-
antibody systems as markers in cancer for further developing “TAA array” systems for cancer
diagnosis, prediction, and for following the response of patients to treatment.
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