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Abstract
The identification and characterization of tumor-associated antigens (TAAs) and their use in antigen
mini-arrays for cancer immunodiagnosis has been of interest recently as an approach to cancer
detection. In this study, autoantibodies in sera from a patient with HCC were used as probes to
immunoscreen a HepG2 cDNA expression library for the identification of TAAs involved in
malignant liver transformation. Recombinant proteins from two genes identified in this manner, Sui1
and RalA were expressed, purified and used as antigens in immunoassays to detect the presence of
antibodies in sera from 77 patients with HCC, 30 with chronic hepatitis (CH), 30 with liver cirrhosis
(LC) and 82 normal human sera (NHS). The prevalence of antibody to Sui1 and RalA in HCC were
11.7% (9/77) and 19.5% (15/77), respectively, which were significantly higher than prevalence in
liver cirrhosis (3.3% and 3.3%), chronic hepatitis (0% and 0%) and normal human sera (0% and 0%).
When Sui1 and RalA were added to a panel of eight other TAAs used in a previous study, the final
cumulative prevalence of anti-TAA antibodies in HCC to the 10 TAA array was raised to 66.2%
(51/77). The specificity for HCC compared with LC, CH and NHS, was 66.7%, 80.0%, and 87.8%,
respectively. When anti-TAA was added to abnormal serum AFP as combined diagnostic markers,
it raised the diagnostic sensitivity from 66.2% to 88.7%. AFP and anti-TAA were independent
markers and the simultaneous use of these two markers significantly resulted in the increased
sensitivity of HCC detection.
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1. Introduction
Autoimmune responses have been frequently observed in patients with malignancies and have
been postulated to be driven by tumor-associated antigens (TAAs) which might be involved
in cellular functions related to tumorigenesis [1]. The identification of appropriate panels of
tumor antigens which elicit humoral immune responses may have utility in cancer screening,
diagnosis, determining recurrence as well as monitoring prognosis. Such antigens may also
have utility in preparation of tumor antigen vaccines in immunotherapy against cancers as well
as helping to define factors involved in the multiple stages of tumorigenesis and in drug design
strategy. In recent years, the molecular cloning of tumor antigens recognized by autoantibodies
has opened a new era in tumor immunology and the list of defined immunogenic human tumor
antigens is growing rapidly. Interpreting the specificity of an observed humoral or cellular
immune response to tumor antigens has become a critical issue in tumor immunology [1,2].

Hepatocellular carcinoma (HCC) is a malignancy with very poor prognosis. The majority of
people with HCC will die within one year of its detection. The high case-fatality rate can in
part be attributed to the lack of sensitive and specific diagnostic methods for early detection.
A feature of HCC is that antecedent liver cirrhosis and chronic hepatitis are common precursor
conditions and during transition to malignancy some patients develop autoantibodies which
were not present during the preceding chronic liver disease phase [3–7]. The immune system
appears to have the ability to recognize malignancy and respond to cellular factors related to
the transformation process. The basis of this notion is that autoantibody changes during
progression from chronic liver disease to HCC could be related to aberrant cellular mechanisms
stimulating immune responses, and therefore autoantibodies can be used as probes to identify
cell proteins or other agents which are involved in the transformation process. The
identification and characterization of HCC-associated TAAs and their autoantibodies provide
a way to find potential markers for early detection of HCC and targets for immunotherapy of
HCC.

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 [3–7]. Autoantibodies to cellular components were readily detected
by Western Blotting during the pre-malignant conditions of chronic hepatitis and liver cirrhosis
but the interesting phenomenon was that coincident with or closely preceding the clinical
detection of HCC, novel autoantibodies were detected in some patients by Western blotting
and immunofluorescence imaging [3–7]. In cases where the novel antigen–antibody systems
were characterized, many antigens turned out to be cellular components which have been
described to be aberrantly expressed in cancer [7–10]. Failing to recognize the likelihood of
pre-malignancy circulating antibodies would result in the inclusion of many antigens
erroneously as TAAs, especially if serum at a single time point from a cancer subject was used
to characterize the antigens since this might include both cancer-related and unrelated antigens.
Some studies have reported more than 2000 tumor-related antigens which were identified with
sera from cancer patients [11,12]. It would appear that further studies might be needed to
establish the true tumor-related antigens and to exclude those that might have been present
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prior to malignancy. An approach which is used in this study is the confirmation of tumor-
relatedness of the antigens by testing against non-cancer sera which in the case of HCC include
chronic hepatitis and liver cirrhosis.

In the present study, autoantibodies in HCC serum were used as probes to immunoscreen a
HepG2 cDNA expression library and a group of antigens was expressed from the cDNA clones
and analyzed to select those which might be tumor-related. Two antigens were further evaluated
by inclusion into a TAA mini-array employed in a previous study [13]. The results indicated
that both the sensitivity and specificity of TAA panels were enhanced. Combined use of anti-
TAAs and elevated AFP further increased the diagnostic sensitivity for HCC.

2. Materials and methods
2.1. Sera and antibodies

Sera from 77 patients with HCC, 30 patients with chronic hepatitis (CH), 30 patients with liver
cirrhosis (LC), and 82 normal human sera (NHS) were obtained from the serum bank of the
Tumor Cell Engineering Laboratory of Xia'men University (Fujian Province, PR China). All
HCC patients were diagnosed according to the criteria described [14]. Of 77 HCC patients, 73
(94.8%) were histologically confirmed. Fifty-seven (74.0%) were males, and 20 (26.0%) were
females. Mean age was 58.0 ± 12.8 years (range, 24–78 years). Fifty-eight (75.3%) patients
were HBV positive, 8 (10.4%) patients were HCV positive, and 4 (5.2%) patients were positive
for both HBV and HCV. Fifty-two (67.5%) patients had a previous history of chronic hepatitis,
13 (16.9%) patients with liver cirrhosis, and 12 (15.6%) patients had no previous history of
either chronic hepatitis or liver cirrhosis. In the present study, 62 sera were available for AFP
testing. The AFP test kit was provided by Gen-Way Biotech (San Diego, CA). The results
showed that 38 of 62 (61.3%) had abnormal levels (>100 ng/ml) whereas 24 (38.7%) had
normal levels (<100 ng/ml). Based on guidelines for liver cancer, out of 71 HCC patients with
available data on clinical stages, 25 (35.2%) patients were in clinical stage I, 16 (22.5%) in
stage II, 22 (31.0%) in stage III, 8 (11.3%) in stage IV. All HCC sera were collected at the time
of initial cancer diagnosis, when the patients had not yet received chemotherapy or radiation
therapy. Patients with CH and LC were followed for at least 18 months after the date of blood
collection to exclude individuals with primary biliary cirrhosis and asymptomatic or clinically
undetectable HCC. Normal human sera were collected during annual health examinations of
people from the same locality who had no obvious evidence of malignancy. Due to regulations
concerning studies of human subjects, the subjects' name and identification number were
blinded to investigators, and some clinical information for sera used in this study was not
currently available. The HCC serum which was used to immunoscreen the cDNA expression
library was obtained from William Beaumont Medical Center in El Paso, Texas. This study
was approved by the Institutional Review Board of the University of Texas at El Paso (IRB-
UTEP) and collaborating institutions. Monoclonal mouse anti-RalA was commercially
available (BD Biosciences, San Diego, CA). Anti-Sui1 was raised by immunization of rabbit
with full length recombinant Sui1 protein (ProSci incorporated, Poway, CA).

2.2. Immunoscreening HepG2 cDNA expression library
The HepG2 cDNA expression library constructed in the Uni-ZAP XR vector system was
purchased from Stratagene Inc., La Jolla, CA. The HCC serum was diluted 1:200 and used as
a probe for initial immunoscreening of the HepG2 cDNA library as previously described [9,
10]. Before screening, the HCC serum was extensively adsorbed against wild-type Uni-ZAP
XR phage infected Escherichia coli cell lysates to reduce nonspecific antibody binding. The
absorbed serum was used to immunoscreen 4.0 × 105 recombinant plaques. All screenings
were performed on duplicate isopropyl β-D-thiogalactoside (IPTG) pre-impregnated
nitrocellulose filters. Horseradish peroxidase (HRP)-conjugated goat anti-human IgG (Caltag,
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Burlingame, CA) at 1:3000 dilution was used as secondary antibody and immunoreactive
clones were detected by autoradiography using chemiluminescence (Pierce Biotechnology,
Rockford, IL). Double positive phage clones in the first screening were subsequently purified
to 100% purity by further screening. cDNAs from positive clones were isolated and converted
to pBluescript phagemid by in vivo excision using the ExAssist helper phage (Stratagene Inc.,
La Jolla, CA) with E. Coli SOLR strain as recommended in the manufacture's instructions. The
phagemids were purified, amplified and used for sequence analysis. All cDNA inserts were
analyzed by restriction mapping and sequencing.

2.3. cDNA sequencing and sequence analysis
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). DNA sequences were read by e-Seq™ DNA
sequencing software (Li-COR Biosciences, Lincoin, Nebraska USA). All cDNA sequences
were analyzed by BLAST search with known sequence databases.

2.4. PCR and subcloning of full-length cDNAs from EP (El Paso)-HCC-1 (Sui1) and EP-HCC-13
(RalA)

As shown in Table 1, cDNAs from two identified genes EP-HCC-1 (Sui1) and EP-HCC-13
(RalA), which were obtained from human expressed sequence tag (EST) database (Genbank
Accession numbers: CX163967, BM560822), were used as template in PCR. One pair of
forward and reverse primers was designed for each gene of EP-HCC-1 (Sui1) and EP-HCC-13
(RalA). For EP-HCC-1 (Sui1): Sui1-F, 5′-TTGGATCCATGTCCGCTATCCAGAAC-3′ and
Sui1-R, 5′-TTCTCGAGCACTTAAGCTTCAGTGAGC-3′. For EP-HCC-13 (RalA): RalA-F,
5′-TTGGATCCATGGCTGCAAATAAGCCCAAG-3′ and RalA-R, 5′-
TTCTCGAGAAGAAAGGAGTTTGGGCTTTG-3′. The primers were incorporated with
BamHI and XhoI sites. Each PCR reaction was performed in a total volume of 50 μl including
2 μl plasmid cDNA (0.2–0.3 μg/μl), 80 pmol primers (4 μl each), 5U Taq polymerase (Qiagen,
Valencia, CA). 1 μl of 10 μm dNTPs (Qiagen, Valencia, CA), 5 μl 10× PCR buffer (500 mM
KCL; 100 Mm Tris–HCl, Ph 8.3; and 0.1% gelatin), and 4 μl of 25 mM Mgcl2 (Promega Biotec,
Madison, WI, USA). PCR was programmed using a thermocycler (Eppendorf, Westbury, NY).
The reaction was performed at 95 °C for 3 min, followed by 35 cycles at 95 °C for 1 min, 59
°C for 1 min, 72 °C for 1 min, and a final incubation at 72 °C for 10 min. PCR products were
analyzed by 1% agarose gel electrophoresis.

2.5. Expression and purification of EP-HCC-1 (Sui1) and EP-HCC-13 (RalA) recombinant
proteins

For the expression and purification of recombinant protein, the full-length cDNAs of Sui1 and
RalA obtained from PCR were subcloned into the pET28 expression vector which is designed
to produce a fusion protein with N-terminal 6× histidine and T7 epitope tags. Recombinant
proteins were further expressed in E. coli BL21 (DE3) and purified using nickel column
chromatography. The protocol used for high-level expression and purification of 6× His-tagged
proteins were performed as described (QIAGEN Inc., Valencia, CA). Elution buffer (8 M urea,
0.1 M NaH2-PO4, 0.01 M Tris, pH4.5) was used to elute the recombinant protein. The purified
recombinant proteins were further analyzed by electrophoresis on SDS–PAGE and confirmed
by Western Blot using anti-Sui1 and anti-RalA antibodies as well as the HCC serum antibody
which was used for immunoscreening.

2.6. Enzyme-linked immunosorbent assay (ELISA)
Purified recombinant proteins were diluted in phosphate-buffered saline (PBS) to a final
concentration of 0.5 μg/ml and coated onto a 96 well microtiter plate (Dynatech Laboratories,
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Alexandria, VA). Human sera diluted 1:200 were incubated in the antigen-coated wells.
Horseradish peroxidase (HRP)-conjugated goat anti-human IgG (Caltag, Burlingame, CA) and
the substrate 2, 2′-azinobis (3-ethylbenzthiazoline-6-sulfonic acid) (Boehringer Manheim
GmbH, Mannheim, Germany) were used as detecting reagents. Each serum sample was tested
at least two times, and the average OD value at 405 nm was used for data analysis. The cutoff
value designating positive reaction was the mean OD of 82 normal human sera (NHS) + 3SD.
Each run of ELISA included 8 NHS selected to represent a range of absorbance above and
below the mean of 82 normal human sera, and whose OD average is close to the mean OD of
82 normal human sera. The inclusion of these normal controls is to normalize all absorbance
values in other runs of ELISA. All positive sera were further confirmed by Western blotting.
The detailed protocol of ELISA was used as described by Rubin [15].

2.7. Western blotting and slot blot
Western Blotting was performed essentially as described by Chan and Pollard [16]. Purified
recombinant EP-HCC-1 (Sui1) and EP-HCC-13 (RalA) proteins were electrophoresed on
SDS–PAGE and transferred to nitrocellulose paper. After pre-blocking with PBS containing
5% nonfat dry milk and 0.05% Tween-20 (PBST) for 30 min at room temperature, the
nitrocellulose strips were incubated for 90 min at room temperature with a 1:200 dilution of
serum. HRP-conjugated goat anti-human IgG (Caltag, Burlingame, CA) was applied as
secondary antibody at a 1:3000 dilution. Immunoreactive bands were detected using the ECL
kit (Amersham, Arlington Heights, IL) according to the manufacturer's instructions. Slot Blot
was performed in exactly the same way as Western Blotting except that the purified
recombinant proteins were applied directly onto the nitrocellulose membrane at the
concentration of 100 ng per well using a vacuum source. Ten different proteins were loaded
into 10 different wells so that the immunoreactivity of each HCC serum against 10 antigens
can be tested in one blot simultaneously.

2.8. Absorption of autoantibodies with recombinant proteins
Sera (2.5 μl) were diluted in 500 μl PBS, and incubated for 2 h at room temperature with 15
μg recombinant proteins. The mixture was centrifuged at 10,000g for 10 min, and the
supernatant was used for ELISA analysis with recombinant protein as coating antigen. The
experiment was repeated four times, and average OD values were used for data analysis.

2.9. Statistical analysis
To determine whether the frequencies of autoantibody to TAAs in each cohort of patients' sera
were significantly higher than that in sera from normal individuals and other controls, the
frequencies of antibody were compared using the Chi-squared (χ2) test with Yate's correction,
and two significant levels (0.05 and 0.01) were used. Methods for calculating sensitivity/
specificity, positive predictive value/negative predictive value were used as described [17].

3. Results
3.1. Identification of potential HCC-related TAAs by immunoscreening cDNA expression
library

In this study, we used a HCC serum with high titer autoantibodies against HepG2 cells by
immunofluorescence and Western Blot analysis. The patient was a 64 year old white male with
HCC but with no past history of HBV or HCV infection and was not alcoholic by history. By
immunoscreening a HepG2 cDNA expression library, we identified 30 reactive cDNA clones.
All these 30 reactive clones were amplified, purified and sequenced. After the analysis of all
cDNA sequences by BLAST search against known sequence databases, 24 of these clones
were found to have been functionally characterized and the remaining six clones were

Chen et al. Page 5

Cancer Lett. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



unknowns. Among the 24 known genes, two genes were identical to each other and encoded
the protein of fibronectin1. Three mitochondrial genes showed sequence identity to each other.
Thus, 21 independent genes were identified. Eleven of the 21 genes are involved in cell
apoptosis, transcription, differentiation and proliferation as well as antigen processing. As
shown in Table 1, of interest was that nine of them (EP-HCC-1, 5–9, 10, 12, 13) have been
reported to be related to cancer [18–23]. In particular, 3 (EP-HCC-1, EP-HCC-7, EP-HCC-9)
of these nine cancer-related proteins were reported to be associated with HCC.

3.2. Prevalence of antibodies to Sui1 and RalA in HCC
The purified recombinant Sui1 and RalA proteins were used as coating antigens in ELISA to
detect antibodies against these two putative TAAs. The ELISA results were also confirmed by
Western blotting analysis. Sera from 77 patients with HCC, 30 patients with liver cirrhosis
(LC), 30 patients with chronic hepatitis (CH) and 82 normal human sera were analyzed. As
demonstrated in Table 2, the prevalence of antibody to Sui1 was 11.7% (9/77), and to RalA
was 19.5% (15/77) in HCC, which were significantly higher than in sera with LC, CH, and
normal human sera (p < 0.01). Fig. 1 shows the range of OD values. Fig. 2A and B shows that
representative HCC sera with positive reaction to Sui1 or RalA in ELISA also showed strongly
reactive bands in Western Blot compared to two normal sera. The specificity of recombinant
Sui1 or RalA in ELISA was further confirmed by antibody absorption study. Three HCC sera
which showed positive reaction with Sui1 and three HCC sera which showed positive reaction
with RalA in ELISA and Western Blot were pre-incubated with recombinant Sui1 or RalA and
subsequently subjected to ELISA. Two normal human sera were also tested as controls. As
shown in Fig. 2 (C, D), reactivity of HCC sera decreased substantially by pre-incubation with
Sui1 or RalA. In contrast, the reactivity did not change much in normal control sera. This
preliminary result suggested that these two newly identified HCC-related antigens might be
used as potential serological markers in HCC.

3.3. Evaluation of the addition of Sui1 and RalA to an array of multiple TAAs in enhancing
antibody detection for diagnosis of HCC

As shown in Table 2, antibodies to eight TAAs (IMP1, p62, Koc, p53, c-myc, cyclin B1,
survivin and p16), which had been previously used in antigen mini-arrays for the detection of
antibodies in HCC [13] and other types of cancer [34,35], were used to test the group of 77
HCC serum, 30 LC sera and 30 CH serum samples in the current study. The prevalence of
antibody to individual TAAs ranged from 11.7% to 20.8%. When the two newly identified
TAAs (Sui1 and RalA) were added to the panel of 8 TAAs, the cumulative prevalence was
66.2% (51/77), which was significantly higher than the cumulative positive antibody reaction
in LC (33.3%), CH (20%) and normal individuals (12.2%). Compared to the cumulative
prevalence (59.7%, 46/77) of antibody to eight TAAs used in the previous panel of TAA array
in HCC study, the increase in prevalence was 6.5%. Thus the two newly identified antigens
incrementally raised the sensitivity of the 10 TAA array as a diagnostic modality for HCC. The
association between anti-TAA antibodies and clinical stages in HCC sera was also analyzed.
The results showed that 15 (60.0%), 11 (68.8%), 17 (77.3%) and 6 (75.0%) sera were positive
with any of the 10 anti-TAA antibodies in clinical stage I, II, III and IV, respectively. There
were no statistical differences for anti-TAA frequencies among clinical stages, but this could
be due to the small size of the samples.

In order to address the question of how good the mini-array of multiple TAAs was in separating
people with and without HCC, parameters such as sensitivity/specificity and positive predictive
value/negative predictive value were calculated and summarized in Table 3. As described
above, the sensitivity of the 10 TAA arrays for detecting HCC was 66.2%. Relative to LC, the
specificity, positive predictive value and negative predictive value were 66.7%, 83.6% and
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43.5%, respectively. Relative to CH, they were 80.0%, 89.5% and 48.0%, and relative to NHS,
they were 87.8%, 83.6% and 73.5% (see Table 3 for calculations).

3.4. Simultaneous use of both AFP and anti-TAAs as markers in HCC detection
Serum alpha fetoprotein (AFP) is a fetal glycoprotein produced by yolk sac and fetal liver and
has been commonly used as a serum marker for diagnosis of HCC. The sensitivity of AFP has
been reported to be about 60% in HCC [36]. The elevation of AFP is also associated with
benign hepatic diseases such as acute and chronic viral hepatitis as well as toxic liver injury.
Serum AFP levels remain within normal limits in most patients who have small HCC nodules
(<20 mm) or well-differentiated HCC [37,38]. Moreover, elevated serum AFP levels reflect
hepatic regeneration after destruction of hepatocytes in patients with chronic hepatitis and liver
cirrhosis [39]. In the present study, 62 of 77 HCC sera were available for further AFP analysis.
The sensitivity of simultaneous use of both AFP and anti-TAAs as markers in HCC detection
is demonstrated in Table 4. Thirty-eight of 62 (61.3%) HCC sera had abnormal serum AFP
level (>100 ng/ml). The sensitivity of AFP alone as marker in HCC detection was consistent
with a previous report [36]. Of interest was that 17 of 24 (70.8%) HCC sera with normal range
of serum AFP levels (<100 ng/ml) were anti-TAA positive. If both anti-TAA and AFP were
simultaneously used as diagnostic markers, 55 (15 + 23 + 17) of 62 (88.7%) HCC patients
could be correctly identified. Elevated AFP and anti-TAA appear to be independent but
supplementary serological markers for the diagnosis of HCC.

4. Discussion
Profiling the immune responses in cancer patients and identifying the targeted autoantigens
can provide valuable information regarding the intracellular molecules participating in the
malignant transformation process. The possible mechanisms underlying the production of these
autoantibodies remain unknown, but is likely to be related to the dysregulation of the function
of these molecules or alteration of their molecular structure or location [40,41]. In the present
study, two (EP-HCC-1, EP-HCC-13) of 27 cDNA clones (21 known, 6 unknown) isolated by
cDNA library screening with HCC serum antibodies were further investigated. EP-HCC-1 is
identical to translation initiation factor Hu-Sui1 or eIF1 (eukaryotic translation initiation factor
1) which is a translation initiation factor that helps to maintain the integrity of translation
initiation by combining with elongation initiation factor 2 (eIF-2) to enable initiator tRNA
(met) to establish ribosomal recognition of an AUG codon [42]. By inhibiting frame shifting,
it ensures the fidelity of multiple steps in translation [43]. Down regulation of Sui1 promotes
the translation of growth stimulatory molecules and/or prevents the translation of proteins that
mediate growth suppression [44]. Sui1 was also a novel gene associated with apoptosis, and
was shown to be a tumor suppressor in hepatocarcinogenesis [18,19]. Lian and coworkers have
reported that expression of Sui1 was suppressed by hepatitis B virus × antigen in X-antigen
transgenic HepG2 cells. In the same study, Sui1 was also found to be highly expressed in non-
tumor liver but not in liver tumor tissues. Introduction of Sui1 into HepG2 cells can inhibit cell
growth and partially suppress tumor formation in nude mice [18]. The data in our study also
demonstrated that the frequency of autoantibody to Sui1 in HCC sera was significantly higher
than in other conditions such as liver cirrhosis, chronic hepatitis, and normal human sera. One
of the possibilities is that the high prevalence of autoantibody response in HCC might be
associated with the mutation or aberrant expression of Sui1. It has been suggested that Sui1 is
a negative growth regulator, and the aberrant Sui1 allows for unregulated cell growth and
contributes to the development of HCC [18].

EP-HCC-13 was identical to a Ras related oncogene RalA. Ral proteins are small GTPase
molecules that work down-stream of the Ras protein signaling pathway [45]. The monomeric
RAL (RAS-like) GTPases have been indirectly implicated in mitogenic regulation and Ras-
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mediated oncogenic transformation [46]. It was shown that RalA and RalB collaborate to
maintain tumorigenicity through the regulation of both cell proliferation and cell survival
signaling pathways [47]. RalA was more commonly activated compared to other major Ras
effectors pathways in distinct cancer cell lines, and knockdown of RalA expression impeded,
if not abolished the ability of human cancer cells to form tumors. Thus activation of RalA plays
a critical role in Ras-induced tumorigenesis [30]. RalA was also reported to play an important
role in EGF-mediated cell motility and has potential contribution to tumor metastasis in human
cancer [31–33]. Together with the evidence provided by our study that the frequency of
autoantibody to RalA was significantly higher in HCC sera (19.5%) compared to other
conditions such as liver cirrhosis, chronic hepatitis and normal human sera, it suggests RalA
may play an important role in HCC tumorigenesis and this role is stimulating a response by
the immune system.

As demonstrated in many other studies, cancer has long been recognized as a multi-step and
multi-factor process which involves not only genetic changes conferring growth advantage but
also factors which disrupt regulation of growth and differentiation. This biological and
molecular nature of cancer was well demonstrated by the frequent observation that most cancer
patients produce autoantibodies to several TAAs [4], and different types of cancer showed
distinct profiles of autoantibody in which specific TAAs were preferentially targeted [13,34,
35]. It indicates that a well defined autoantibody profile for a specific cancer might help to
reveal the unique factors or molecules that might be involved in the tumorigenesis and provides
a powerful tool to enhance cancer diagnosis.

Although anti-TAA antibodies have been extensively investigated and evaluated as serological
markers for cancer diagnosis, the enthusiasm for this approach has been tempered by low
sensitivity when individual antigen–antibody systems were used. The evidence from our study
also showed that the prevalence of antibody to any individual antigen from the selected TAA
array was variable and ranged from 10% to 20% in HCC, and does not reach the level of
sensitivity to be routinely useful in diagnosis of HCC. With the consideration of the drawback
in single TAA-antibody system and the feature of unique anti-TAA antibody profiles for each
specific cancer, we have demonstrated in this study that sensitivity of antibody screening can
be optimized. With a panel of 10 TAAs selected on the basis of association with tumorigenic
pathways, there was a statistically significant number of positive antibody reactions in HCC
patients but not in patients with chronic hepatitis and normal individuals. Wang et al. have
developed a phage-display library derived from prostate cancer tissue and a phage protein
microarray, to analyze autoantibodies in sera from prostate cancer patients and controls [48].
In this study, a 22-phage-peptide detector was constructed for prostate cancer serum screening,
with 81.6% sensitivity and 88.2% specificity. All these studies including our previous [13,
34] and current studies, strongly support the hypothesis that “customized” TAA arrays enhance
autoantibody detection in cancer and constitute promising and powerful tools for the
immunoserological diagnosis of certain types of cancer, such as liver and prostate cancer.

In conclusion, the data in our study suggests that a uniquely constituted antigen panel or array
of selected TAAs provides an additional and supplementary approach to the diagnosis of HCC,
especially for AFP-negative cases. This type of study also highlights a promising direction for
the development of biomarkers of disease, especially cancers [49]. The sensitivity and
specificity of this approach is contingent on the careful selection of the most favorable
combinations of TAAs. Further studies on other cDNA clones identified in this study may help
us to define more proteins as candidate antigens for the formulation of other cancer TAA mini-
arrays to supplement other approaches to detection of tumors.
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Fig. 1.
Titer of autoantibodies to EP-HCC-1 (Sui1) and EP-HCC-13 (RalA) in HCC, liver cirrhosis
(LC), chronic hepatitis (CH) and NHS. The range of antibody titers to Sui1 and RalA is
expressed as optical density (OD) obtained from ELISA. The mean + 2SD and + 3SD of 82
normal human sera are shown in relationship to all serum samples. Panel A: Antibody titer to
EP-HCC-1 (Sui1). Panel B: Antibody titer to EP-HCC-13 (RalA). Lane 1, CH; lane 2: LC;
lane 3: HCC; lane 4: NHS.

Chen et al. Page 12

Cancer Lett. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Representative Western Blot showing reactivity of ELISA positive HCC sera with recombinant
proteins Sui1 (A) or RalA (B). To confirm the specificity of antibodies in positive sera for
ELISA, all the positive sera were subjected to antibody absorption with recombinant protein
Sui1 or RalA, followed by ELISA to evaluate the reduction of OD values (C, D). Panels A and
C: The lane with “+” indicates anti-Sui1 polyclonal antibody used as positive control; lanes
1–3, three HCC positive sera; lanes 4 and 5, two normal human sera used as negative control.
Panels B and D: The lane with “+” indicates anti-RalA monoclonal antibody used as positive
control; lanes 1–3: three HCC positive sera; lane 4 and 5, two normal human sera used as
negative control. The residual OD value after absorption with purified antigens is comparable
to the “background” OD value shown by normal sera.
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Table 1

Nine cancer-related genes identified from HepG2 cDNA library screening.

Designation Insert size (kb) Identity (access no.) cDNA size (kb) Functional
significance
and cancer
association

EP-HCC-1 0.65 Translation initiation factor, hu-sui1
(BC008710)

1.32 Associated with
apoptosis;
related to HCC
[18,19]

EP-HCC-5 0.88 Homo sapiens interferon gamma receptor 2
(BC003264)

2.77 Associated with
the inhibition of
tumor cell
growth [20]

EP-HCC-6 0.96 Homo sapiens ferritin (BC016354) 0.90 Regulator of
cellular
differentiation.
Associated with
increased risk of
liver and breast
cancers [21,22]

EP-HCC-7 0.68 Serine proteinase inhibitor; pigment
epithelium derived factor, PEDF
(BC000522)

1.45 Associated with
apoptosis; plays
a role in the
antiangiogenic
properties of
HCC [23,24]

EP-HCC-8 0.89 Antitrypsin-alpha 1-AT (NM_001002235) 1.59 Serine
proteinase
inhibitor,
Associated with
increased risk of
cirrhosis and
primary liver
cancer [25]

EP-HCC-9 0.76 TAP2, a transporter associated with antigen
processing (AB073779)

2.11 Plays a key role
in the adaptive
immune
response; TAP2
functions as a
tumor
suppressor gene;
related to HCC
[26]

EP-HCC-10 0.56 Homo sapiens upstream transcription
factor 2-USF2 (BC042655)

2.80 Antiproliferative
activities and
regulation of
several genes
involved in
tumorigenesis
[27]

EP-HCC-12 0.89 Homo sapiens fibronectin 1-FN1
(BC016875)

1.51 Associated with
cell proliferation
and apoptosis,
have a role in the
pathogenesis of
papillary thyroid
carcinoma [28,
29]

EP-HCC-13 0.79 v-Ral simian leukemia viral oncogene
homolog A (Ras related)-RalA
(BC039858)

2.77 Oncogene; it
may play a role
in cell motility
and tumor
metastasis [30–
33]
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Table 3

Evaluation of diagnostic values of anti-TAA antibodies to a panel of 10 TAAsa.

Any anti-TAA positive All anti-TAAs negative Total

HCC 51 (A) 26 (B) 77

LC 10 (C1) 20 (D1) 30

CH 6 (C2) 24 (D2) 30

NHS 10 (C3) 72 (D3) 82

Relative to LC: Sensitivity (%) = A/(A + B) = 51//77 = 66.2%. Specificity (%) = D1/(C1 + D1) = 20/30 = 66.7%. Positive predictive value (PPV, %)
= A/(A + C1) = 51/61 = 83.6%. Negative predictive value (NPV, %) = D1/(B + D1) = 20/46 = 43.5%.

Relative to CH: Sensitivity (%) = A/(A + B) = 51//77 = 66.2%. Specificity (%) = D2/(C2 + D2) = 24/30 = 80.0%. Positive predictive value (PPV, %)
= A/(A + C2) = 51/57 = 89.5%. Negative predictive value (NPV, %) = D2/(B + D2) = 24/50 = 48.0%.

Relative to NHS: Sensitivity (%) = A/(A + B) = 51//77 = 66.2%. Specificity (%) = D3/(C3 + D3) = 72/82 = 87.8%.Positive predictive value (PPV,
%) = A/(A + C3) = 51/61 = 83.6%. Negative predictive value (NPV, %) = D3/(B + D3) = 72/98 = 73.5%.

a
Diagnostic values relative to each cohort were calculated as follows.
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Table 4

Sensitivity of combined use of both AFP and anti-TAAs as markers in HCC detectiona.

Anti-TAAs

Positive Negative Total

Serum AFP levels:

>100 ng/ml 23 (A) 15 (B) 38

<100 ng/ml 17 (C) 7 (D) 24

Total 40 22 62

a
Sensitivity (%) = (A + B + C)/(A + B + C + D) = 55/62 = 88.7%.
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