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Abstract To explore the possibility of using a mini-array of multiple tumor-associated antigens
(TAAs) as an approach to the diagnosis of hepatocellular carcinoma (HCC), 14 TAAs were
selected to examine autoantibodies in sera from patients with chronic hepatitis, liver cirrhosis
and HCC by immunoassays. Antibody frequency to any individual TAA in HCC varied from 6.6% to
21.1%. With the successive addition of TAAs to the panel of TAAs, there was a stepwise increase
of positive antibody reactions. The sensitivity and specificity of 14 TAAs for immunodiagnosis of
HCC was 69.7% and 83.0%, respectively. This TAA mini-array also identified 43.8% of HCC

patients who had normal alpha-fetoprotein (AFP) levels in serum. In summary, this study further
supports the hypothesis that a customized TAA array used for detecting anti-TAA autoantibodies
can constitute a promising and powerful tool for immunodiagnosis of HCC and may be especially
useful in patients with normal AFP levels.
© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-related deaths worldwide. The majority of
people with HCC will die within one year of diagnosis. The
high fatality rate of HCC can partly be attributed to a lack of
sensitive detection methods for early diagnosis. Up to now,
alpha-fetoprotein (AFP) is the most widely used serological
marker used in HCC diagnosis. However, it is well-
documented that its specificity is not high enough, especially
in the context of chronic liver diseases and cirrhosis, and its
sensitivity is related very much to the size of the tumor [1].
Therefore, the efficacy of AFP in the screening for HCC is not
optimal and additional biomarkers are urgently needed.

There are many studies demonstrating that the immune
system can recognize antigenic changes in cancer cells,
leading to development of autoantibodies against these
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antigens which have been called tumor-associated antigens
(TAAs) [2–4]. Therefore, these autoantibodies have been
called “reporters” from the immune system which identify
antigenic changes in cellular proteins involved in the
malignant transformation process [4,5]. Autoantibodies
from patients with HCC have been used to screen cDNA
expression libraries and several novel TAAs such as CAPERα/
HCC1.4 [6], IMP2/p62 [7] and CIP2A/p90 [8] have been
isolated and characterized. The observations that patients'
immune system have the capability of recognizing TAAs
raises the possibility that characterization of humoral
immune responses could provide both diagnostic and
prognostic information. Determining the molecular identity
of targets of such autoantibodies (autoantibody signatures)
would be relevant for serological screening tests for
malignancies, an approach which has been called “cancer
immunomics” [9–12]. In our previous study, we screened
sera from 142 patients with HCC for autoantibodies using a
target panel of eight selected TAAs comprising IMP1, IMP2/
p62, IMP3/Koc, p53, c-Myc, cyclin B1, survivin and p16/
INK4a, and demonstrated that no individual TAA was
sensitive or specific enough for HCC detection. Autoantibody
to any individual TAA in this panel ranged from 9.9% to
21.8%, but reached 59.8% to the panel of eight TAAs. This
study demonstrated the importance of developing multiple
or a mini-array of TAAs as an approach in immunodetection
of cancer [13]. It also addressed an important issue that
highlights a promising way for the development of biomarkers
in cancer, dealing with the concept of “cancer immunomics”
and promoting a global analysis of the autoantibodies in
cancer. Importantly, implementation of such an approach
requires the careful selection of target TAAs since it appears
likely that there might be selective TAA panels for different
cancers. In the present study, we explored this hypothesis
using a panel of 14 TAAs for detection of autoantibodies in
HCC to determine the possibility and usefulness of such a
panel of TAAs in HCC immunodiagnosis.
2. Materials and methods

2.1. Serum samples

Sera from 76 patients with HCC, 30 patients with chronic
hepatitis (CH) and 30 patients with liver cirrhosis (LC) were
obtained from the serum bank of the Cancer Autoimmunity
Research Laboratory at University of Texas (El Paso, Texas,
USA). Eighty-nine normal human sera (NHS) were originally
obtained from the serum bank in the Autoimmune Disease
Center at the Scripps Research Institute (La Jolla, CA, USA). Of
the 76 HCC patients, 71 (93.4%) were histologically confirmed,
50 (65.8%) were male, and 26 (34.2%) were female. Mean age
was 57.0 ± 11.2 years (range, 23–77 years). Fifty-two (68.4%)
patients were positive for HBV, 6 (7.9%) patients for HCV, and
4 (5.3%) for both HBV and HCV. Forty-eight (63.2%) had
previous history for chronic hepatitis, 13 (17.1%) patients had
liver cirrhosis, and 9 (11.8%) patients had no previous history
of either chronic hepatitis or liver cirrhosis. Based on the
Chinese general diagnostic guidelines for liver cancer, 23
(30.3%) patients were in clinical stage I, 14 (18.4%) in stage II,
24(31.6%) in stage III, 8(10.3%) in stage IV, respectively, and 5
(6.7%) patients had no available data as to clinical stages.
In the present study, 43 sera were available for AFP
testing. The AFP test kit was provided by GenWay Biotech
(San Diego, CA). The results showed that 62.8% (27/43) sera
had abnormal AFP levels (N100 ng/ml) whereas 16 (37.2%)
had normal levels (b100 ng/ml). All cancer patients were
diagnosed according to established criteria; their serum
samples were collected at the time of initial cancer
diagnosis, when the patients had not received any treatment
such as chemotherapy or radiation therapy.

Seventy-nine serial serum samples from 16 HCC patients
were from Shinshu University School of Medicine Affiliated
Hospitals in Matsumoto, Japan. The serum samples included
at least two to four samples obtained several months prior to
clinical detection of liver malignancy. All of the patients had
previous history of chronic hepatitis or liver cirrhosis.

Normal human sera were collected from adults during
annual health examinations in people who had no obvious
evidence of malignancy. Due to regulations concerning studies
of human subjects, the patient's name and identification
number were blinded to the investigators and some clinical
information for sera used in this study were not currently
available. In addition, as representative of patients with known
immune reactivity to other autologous cellular antigens, sera
from 51 patients with systemic lupus erythematosus (SLE) and
94 patients with progressive systemic sclerosis (PSS) were
available from serum bank of the Autoimmune Disease Center
(Scripps) and were evaluated with the same immunoassays for
their response to the 14 TAA panel. This study was approved by
the Institutional Review Board of the University of Texas at El
Paso and Collaborating Institutions, and informed consents
from all human subjects were obtained for experimentation.
2.2. Expression and purification of
recombinant proteins

Fourteen antigens, IMP1, p62, Koc, p53, survivin, p16,
CAPERα, p90, RalA, NPM1, MDM2, 14-3-3 ζ, c-Myc and cyclin
B1, were selected for expression of recombinant proteins.
Recombinant p62 has been expressed from a clone isolated
from cDNA expression library by immunoscreening with
antibody from a patient with HCC [7]. p62 cDNA was
subcloned into vector producing a fusion protein with
NH-terminal 6x histidine and T7 epitope tags. The recombi-
nant protein expressed in Escherichia coli BL21 (DE3) was
purified using nickel column chromatography. Koc cDNA
cloned into the pcDNA3 vector was similarly subcloned to
pET28a vector and recombinant protein expressed as above.
IMP1 construct pCMV5-IMP1 was kindly provided by F.C.
Nielsen and p53 clone (p53SN3) by Yuxin Yin of Columbia
University, New York, NY, and subcloned into pET28a for
protein expression. cDNA from c-Myc was amplified by
polymerase chain reaction (PCR) from human fetal liver
tissue and survivin cDNA was amplified from human survivin
EST clone (BG258433) before subcloning in pET28a vector.
Plasmid pET-CAPERα carrying CAPERα cDNA was derived
from our previous study [6]. cDNA encoding RalA amplified
by PCR from a human expressed sequence tag (EST) clone
(#BM560822) was subcloned into pET28a vector. NPM1
construct GFP-NPM WT (plasmid ID: 17578), MDM2 construct
pGEX-4T MDM2 WT (plasmid ID: 16237), and 14-3-3 ζ
construct GST-14-3-3 WT (plasmid ID: 1944) purchased
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from Addgene were subcloned into pET28a vector. p16 cDNA
was amplified by RT-PCR from human HeLa cells, and was
subcloned into the pGEX vector expressing p16 with
glutathione S transferase (GST) fusion partner. The GST
gene fusion system was used for the expression and
purification of p16 recombinant protein. P90 has been
cloned from a cDNA expression library by immunoscreening
with antibody from a patient with gastric cancer and then
subcloned into pGEX [8]. Recombinant cyclin B1 had been
prepared and used previously [14] and was isolated from
pGEX construct expressing cyclin B1 with GST fusion partner.

Expression of adequate amounts of recombinant protein
was examined in SDS-PAGE and Coomassie blue staining was
used to determine that expression products of expected
molecular sizes were produced. In addition, Western
blotting analysis was used to confirm that the bands seen
in SDS-PAGE were reactive with reference antibodies.

2.3. Enzyme-linked immunosorbent assay (ELISA)

Purified recombinant proteins were diluted in phosphate-
buffered saline (PBS) to a final concentration of 0.5 ug/mL
for coating 96 well Immunolon2 microtiter plates (Fisher
Scientific, Huston, TX, USA) overnight at 4 °C. The human
serum samples diluted 1:200 were incubated in the
antigen-coated wells for 90 min. Horseradish peroxidase
(HRP)-conjugated goat anti-human IgG (Santa Cruz Biotech-
nology, Inc. Santa Cruz, CA,USA) was used as a secondary
antibody diluted 1:4000 for coating (90 min) followed by
washing with PBS containing 0.05% Tween 20 (PBST). The
substrate 2,2′-azino-bis (3-ethyl-benzothiazoline-6-sulfonic
acid) diammonium salt (ABTS) (Sigma, St. Louis, MO, USA)
was used as the detecting agent. The optical density (OD)
value of each well was read at 405 nm, and the cut-off value
for determining a positive reaction was designated as the
mean absorbance of the 89 normal sera plus 3 standard
deviations (mean + 3SD). Each sample was tested in dupli-
cate. Each run of ELISA included 8 NHS representing a range
of absorbance above and below the mean of 89 normal
human sera, and the average OD value of 8 NHS was used to
normalize all absorbance values to the standard mean of the
entire 89 normal samples. In addition, lupus and PSS sera
were included as representative examples of patients with
robust autoantibody responses, but the identified cellular
antigens known so far have been reported to be associated
with autoimmune rheumatic [15] and it was of interest to
know whether these autoimmune patient sera were reactive
with any of the cellular antigens in the 14-TAA mini-array.

2.4. Western blotting

Serum samples that were found to contain autoantibodies by
ELISA were further tested by immunoblotting to confirm the
immunoreactivity of the sera. The purified recombinant
proteins of 14 TAAs were electrophoresed by SDS-PAGE and
subsequently transferred to a nitrocellulose membrane. The
membranes were cut into strips and the individual strips
were pre-blocked in PBST with 3% non-fat milk for 1 h at
room temperature, then incubated with patient sera diluted
1:200, and finally incubated with HRP-conjugated goat
anti-human IgG diluted 1:10,000 (Santa Cruz Biotechnology,
Inc. Santa Cruz, CA, USA) for 1 h followed by washing with
PBST solution. Positive signals were captured by autoradi-
ography using chemiluminescence (Piece Biotechnology,
Rockford, IL) according to the manufacturer's instructions.

2.5. Statistical analysis

Chi-square (χ2) test was used to determine whether the
frequency of autoantibodies to 14 TAAs in each cohort of
patient sera was significantly higher than that in sera from
normal individuals. Two significant levels (0.05 and 0.01)
were used. Methods for calculating the sensitivity, specific-
ity, positive predictive value, negative predictive value,
positive likelihood ratio and negative likelihood ratio were
based on the methodology provided in Epidemiology (6th
edition, edited by Dr. Ray M. Merrill, Jones & Bartlett
Learning Company, Burlington,2012).

3. Results

3.1. Frequency and titers of autoantibodies in HCC
against a mini-array of 14 TAAs

As shown in Table 1, a panel of 14 TAAs was carefully
selected and included in the present study, including ten
oncoproteins such as three IMP proteins (IMP1, IMP2/p62,
IMP3/Koc) [16–20], CIP2A/p90 [7,21,22], RalA [23–25],
c-Myc [26,27], survivin [28–30], cyclin B1 [31,32], 14-3-3 ζ
[33–36], MDM2 [37–39], and four tumor suppressors such as
p53 [40–42], CAPERα/HCC1.4 [6,43,44], p16 [45–47] and
NPM1 [48–50]. Of these 14 TAAs, 10 TAAs were used in the
previous studies [13,32,51–53] except CAPERα/HCC1.4,
MDM2, NPM1 and 14-3-3 ζ. Table 2 shows the frequency of
autoantibodies to the panel of 14 TAAs. The sera examined
in this study include sera from 76 patients with HCC, 30
patients with CH, 30 patients with LC and 89 normal human
sera as well as controls representing non-cancer autoim-
mune diseases including 51 patients with SLE, and 94 with
PSS. A positive result for antibody in ELISA was taken as an
absorbance reading above the mean +3SD of the 89 normal
human sera. Higher frequency of antibodies against individ-
ual TAA in HCC was found with TAAs such as survivin,
CAPERα, RalA, p62, Koc, MDM2, cyclin B1, p53 and 14-3-3 ζ,
compared to normal human sera (p b 0.01). In chronic
hepatitis, antibody frequency to any individual TAA ranged
from 0 to 6.7%, and in liver cirrhosis, it ranged from 0 to
13.3%. The reactivity of anti-TAA antibodies in normal
human sera was very low, ranging from 0 to 3.4% to any
individual TAA. Sera from patients with autoimmune
disorders also showed very low frequency of 14 anti-TAAs
with no more than 5.9% and established that antibody
reactivities observed were cancer specific and not attribut-
able to nonspecific immunoreactivity.

The titers of 14 anti-TAA antibodies in different condi-
tions are shown in Fig. 1. The high titer in many HCC sera and
distinct difference between HCC and other conditions such
as chronic hepatitis, liver cirrhosis and normal individuals
were also demonstrated in this figure. Many HCC sera
showed absorbance readings several-fold above the cutoff
(mean of 89 NHS +3SD), indicating that antibody responses in
some HCC patients were quite robust and not just mildly



Table 1 The properties of 14 TAAs.

Properties/functions Ref.

Oncoproteins
IMP1 Insulin-like growth factor 2 mRNA binding protein 1 [16–18]
IMP2/p62 Insulin-like growth factor 2 mRNA binding protein 2 [16,18,19]
IMP3/Koc Insulin-like growth factor 2 mRNA binding protein 3/K homology protein

overexpressed in cancer
[7,16,18,20]

CIP2A/p90 Cancerous inhibitor of protein phosphatase 2A (PP2A) [7,21,22]
RalA Ras-like GTP-binding protein [23–25]
c-Myc Transcription factor oncoprotein [26,27]
Survivin Inhibitor of apoptosis [28–30]
Cyclin B1 Cell-cycle nuclear protein [31,32]
14-3-3 ζ Mediate signal transduction by binding to phosphoserine-containing proteins [33–36]
MDM2 Nuclear phosphoprotein that binds and inhibits transactivation by tumor protein p53 [37–39]

Suppressor proteins
p53 Tumor suppressor protein containing transcriptional activation, DNA binding,

and oligomerization domains.
[40–42]

Ink4a/p16 Cyclin-dependent kinase inhibitor [45–47]
NPM1/B23 Nucleolar phosphoprotein involved in several processes including regulation of the

ARF/p53 pathway
[48–50]

CAPERα/HCC1.4 mRNA binding protein, steroid hormone receptor-mediated transcription and
alternative splicing

[6,43,44]
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elevated. All of the sera with positive results in ELISA were
verified by Western blotting with purified recombinant
proteins. Fig. 2 shows that some representative patients
with HCC produced multiple autoantibodies, whereas nor-
mal individuals rarely showed multiple autoantibodies to the
14-TAA panel.
3.2. Stepwise increase in the rate of anti-TAA
positivity with successive addition of antigens

As shown in Table 3, antibody frequency to any individual
TAA in HCC was variable from 5.3% to 21.1%. When we added
the antigens to the panel starting with CAPERα-TAA which
had the highest occurrence of autoantibody in HCC to
successive TAAs with lower occurrence, there was a stepwise
increase of positive antibody reactions up to 69.7%, which
was significantly higher than the frequency of antibodies in
chronic hepatitis (30.0%), liver cirrhosis (36.7%) and normal
individuals (17.0%).

Subsequently, we evaluated the accuracy of these 14 TAA
panel as the diagnostic biomarker platform for HCC
(Table 4). The sensitivity in diagnosing HCC compared to
normal individuals was from 21.1% for one TAA (CAPERα) to
69.7% when we added the TAAs stepwise to 14 TAAs, while
the specificity decreased from 100% to 83%. The positive
predictive value (PPV) and negative predictive value (NPV)
for this 14 TAA array were 77.9% and 76.3%, respectively.

Likelihood ratios (LR) are the preferred diagnostic
measures when the prevalence of disease is higher or lower
than 50%. The range of LR+ is 1 (neutral) to infinity (very
positive). The higher the LR+ for a diagnostic test, the
greater the confidence we estimate a person as a true
patient. The range of LR− is 0 (extremely negative) to 1
(neutral). The lower the LR−, the greater the confidence we
judge a person who does not truly have a health prob-
lem [54]. The LR+ and LR− of 14 TAAs panel were 4.10 and
0.37, respectively, and the interpretation is that it is likely
that a positive test comes from a person with HCC, and that
a negative test is insufficient to rule out HCC.
3.3. Preferential reactivity of HCC sera with
certain antigens

Fig. 3 presents an analysis of the data to determine whether
there was coordination or coupled expression of any two
antibodies in the same serum. Because antibodies to CAPERα
and survivin showed the highest frequency in HCC among 14
antibodies to TAAs, there was a possibility that these
findings were related to coupled expression of some pairs
of antibodies in the same serum. If there was significantly an
increased frequency of coordinate expression of two
antibodies, this would be represented as higher frequency
(percentage) in the bar graphs shown in Fig. 3. Most of the
normal human sera showed the absence of coexpression of
antibodies to any combination of two of the 14 TAAs. Similar
results were observed in chronic hepatitis and liver cirrhosis
sera. There appeared to be an increase in frequency of
coexpressed antibodies survivin and CAPERα in HCC (5.3%),
however, which did not reach statistical significance.
Nevertheless, the frequency of HCC sera coexpressing
antibodies to survivin and RalA was highest (10.5%) among
all the combinations and statistically significantly higher
than NHS. Some other combinations of any two antibodies in
HCC, such as anti-survivin with anti-Koc, anti-p53, anti-
MDM2 or anti-RalA; anti-CAPERα with anti-RalA, anti-p62,
anti-MDM2 or anti-1433 ζ, anti-RalA with anti-Koc or
anti-p62, also showed the statistically significant increases
compared to normal sera.
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3.4. Autoantibodies against 14 TAAs can be
detected at the early stage of HCC

Seventy-nine serial serum samples from 16 HCC patients
were also available in the current study for the detection of
autoantibodies against 14 TAAs. All these patients had been
previously diagnosed as liver cirrhosis or chronic hepatitis
and serum samples had been collected every three months
before they were diagnosed as HCC. At least two to four
samples before diagnosis were available for each patient.
These are very valuable serial serum samples which are
likely to represent early stage of HCC patients and the
presence of autoantibodies in these samples might be
biomarkers for early stage of HCC. The frequency of 14
anti-TAA antibodies at the diagnostic time point ranged from
12.5% (Koc) to 50% (survivin and CAPERα), and most of these
antibodies could be detected in 3 to 12 months before the
diagnosis of HCC (Table 5). The interesting result was that
the positive rate of autoantibodies was as high as 87.5% at
the time point of one year before diagnosis when the panel
of 14 TAAs was taken as the marker for detecting HCC.

Fig. 4 shows the variation of autoantibody titers and
profiles in two representative patients. Patient A (Fig. 4—
Case A) and patient B (Fig. 4—Case B) presented different
autoantibody profiles by Western blotting assay. Patient A
had autoantibodies to IMP1, Koc, CAPERα, RalA, cyclin B1
and p62, whereas patient B had autoantibodies to IMP1,
p62, Koc, p90, survivin, RalA, cyclin B1, p53, p16 and NPM1.
All of these anti-TAAs occurred one year before diagnosis of
HCC, however the titers of different antibodies were
variable during the year before diagnosis. Immunofluores-
cence staining of Hep2 cancer cells with sera at the
different time points showed changing of nuclear and
cytoplasmic patterns confirming the Western blotting data
demonstrating variability in the anti-TAA response during
this period. These observations show that anti-TAAs can
vary in antibody specificity and titer during the one-year
period prior to clinical diagnosis and also suggest that this
immunodiagnostic approach may be exploited for early
diagnosis of HCC.

3.5. Simultaneous use of both AFP and mini-array of
14 TAAs as markers in HCC detection

Serum alpha fetoprotein (AFP) is a fetal glycoprotein
produced by yolk sac and fetal liver and has been widely
used as a serum marker for diagnosis of HCC. The sensitivity
of AFP has been reported to be about 60% in HCC [55]. In the
present study, 43 to 76 HCC sera were available for studies
to determine the relationship of AFP to anti-TAA responses
(Table 6). Twenty-seven of 43 (62.8%) HCC sera had
abnormal serum AFP level (N100 ng/ml). The sensitivity of
AFP alone as marker in HCC detection was consistent with
the previous report [55]. Of interest was that 7 of 16 (43.8%)
HCC sera with normal AFP level (b100 ng/ml) were autoan-
tibody positive to the 14 TAA array. If both 14 anti-TAAs and
AFP were simultaneously used as diagnostic markers, 34
(13 + 14 + 7) of 43 (79.1%) HCC patients could be correctly
identified. Elevated AFP and anti-TAA appear to be
independent but supplementary serological markers for the
diagnosis of HCC.



Figure 1 The range of antibody titers to different tumor associated antigens is expressed as absorbance units obtained from
enzyme immunoassays. The mean of optical density (OD) was shown for every kind of condition. The high titer reactivity of HCC sera
and the distinct difference between cancer and normal and other conditions are demonstrated in this figure. The X-axis represents
the panel of 14 TAAs. 1, survivin; 2, CAPERα; 3, RalA; 4, p62; 5, Koc; 6, MDM2; 7, cyclin B1; 8, p53; 9, 14-3-3 ζ; 10, p90; 11, IMP1; 12,
c-Myc; 13, NPM1 and 14, p16.

Figure 2 Some representative sera show immunoreactivity to
14 TAAs, which were verified by Western blotting. Lanes 1, 2:
NHS; lanes 3–7: HCC sera. Some HCC sera show reaction with
multiple antibodies against 14 TAAs, while in contrast, normal
human sera show very weak or no reactions and rarely multiple
reactions with 14 TAAs.
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4. Discussion

There is clear evidence that the immune system, in addition
to defending us against pathogens, is also on guard against
other threats, including tumors [56,57]. The generation of
circulating antibodies that bind self-protein can be regarded
as the systemic amplification by the immune system of a
signal that indicates the presence of the tumor [58,59]. 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. Many antibodies to
autologous cellular proteins can be detected in the sera of
patients with cancer, and these reactive antigens have been
called TAAs without considering the possibility that the
autoantibodies might have existed in the patient before
cancer. It indicates that autoantibodies from a cancer
patient obtained at only one time point would not
necessarily represent immune responses to a TAA. Failing
to recognize the likelihood of pre-malignant circulating
antibodies would result in the inclusion of many antigens
erroneously as TAAs. Further research should be needed to
establish true tumor-related antigens and to exclude those
that might have been present prior to malignancy. In the
further analysis, anti-TAA autoantibodies may become
useful diagnostic biomarkers only after it has undergone
extensive trials with many cancer sera and also with many
non-cancer control sera [5].

image of Figure�2


T
ab

le
3

Se
qu

en
ti
al

ad
di
ti
on

of
an

ti
ge

ns
to

th
e
pa

ne
l
of

14
TA

A
s.

A
nt
ig
en

s
N
H
S

H
C
C

C
H

LC

1
TA

A
C
A
PE

Rα
0(
0.
0)

16
(2
1.
2)

1(
3.
3)

2(
6.
7)

2
TA

A
C
A
PE

Rα
or

su
rv
iv
in

1(
1.
1)

28
(3
6.
8)

1(
3.
3)

2(
6.
7)

3
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
3(
3.
4)

30
(3
9.
5)

1(
3.
3)

2(
6.
7)

4
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2

5(
5.
6)

34
(4
4.
7)

1(
3.
3)

3(
10

.0
)

5
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c

5(
5.
6)

40
(5
2.
6)

3(
10

.0
)

5(
16

.7
)

6
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2

6(
6.
7)

42
(5
5.
3)

5(
16

.7
)

5(
16

.7
)

7
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
9(
10

.1
)

47
(6
1.
8)

5(
16

.7
)

5(
16

.7
)

8
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3

9(
10

.1
)

47
(6
1.
8)

5(
16

.7
)

7(
23

.3
)

9
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3
or

14
-3
-3
ζ

9(
10

.1
)

48
(6
3.
2)

5(
16

.7
)

7(
23

.3
)

10
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3
or

14
-3
-3

ζ
or

p9
0

12
(1
3.
6)

48
(6
3.
2)

5(
16

.7
)

7(
23

.3
)

11
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3
or

14
-3
-3

ζ
or

p9
0
IM
P1

12
(1
3.
6)

50
(6
5.
8)

7(
23

.3
)

7(
23

.3
)

12
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3
or

14
-3
-3

ζ
or

p9
0
IM
P1

or
c-
M
yc

12
(1
3.
6)

52
(6
8.
4)

7(
23

.3
)

7(
23

.3
)

13
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3
or

14
-3
-3

ζ
or

p9
0
IM
P1

or
c-
M
yc

or
N
PM

1
14

(1
5.
9)

53
(6
9.
7)

7(
23

.3
)

8(
26

.7
)

14
TA

A
C
A
PE

Rα
or

su
rv
iv
in

or
Ra

lA
or

p6
2
or

Ko
c
or

M
D
M
2
or

cy
cl
in

B1
or

p5
3
or

14
-3
-3

ζ
or

p9
0
IM
P1

or
c-
M
yc

or
N
PM

1
or

p1
6

15
(1
7.
0)

53
(6
9.
7)

9(
30

.0
)

11
(3
6.
7)

N
H
S:

no
rm

al
hu

m
an

se
ra
;
H
C
C
:
he

pa
to
ce

ll
ul
ar

ca
rc
in
om

a;
C
H
:
ch

ro
ni
c
he

pa
ti
ti
s;

LC
:
liv

er
ci
rr
ho

si
s.

133Immunomic approach to tumor-associated autoantibody detection of hepatocellular carcinoma
Many investigators have been interested in the use of
autoantibodies as serological markers for cancer immunodiag-
nosis, especially because of the general absence or a
significantly lower frequency of these autoantibodies in normal
individuals and in non-cancer conditions [11,51,60–62]. The
drawback for this approach is the low sensitivity when a single
or individual TAA is used to determine the presence or absence
of an autoimmune response in cancer. This drawback can be
overcome by using a panel of carefully selected TAAs to
increase the sensitivity and specificity, which deals with the
concept of “cancer immunomics” [13,51,63]. In terms of
“immunomics”, there are two strategies based on the aims:
either to discover new putative biomarkers (autoantigens and
autoantibodies) called “discovery-driven immunomics” or the
aim is to assess the relevance of putative markers already
described as “hypothesis-driven immunomics”. The latter one
can potentially use two main approaches: immunotests (from
classical ELISA to protein biochips) and research of autoantigens
using a peptide signature [64]. Wang et al. developed a
phage-display library derived from prostate cancer tissue, and
a phage proteinmicroarray, to analyze autoantibodies in serum
samples from patients with prostate cancer and controls [11].
In this study, a 22-phage-peptide detector was constructed for
prostate cancer screening, with 81.6% sensitivity and 88.2%
specificity. Similar to our study, a decision treewas constructed
to classify prostate cancer by a five-TAA-panel using ELISA, with
79% sensitivity and 86% specificity [65]. The findings of Wang et
al. as well as our panel of TAAs are not fully optimal with
respect to sensitivity for adoption in a screening program, and
could be improved by the inclusion of additional tumor
antigens.

It is crucial for potential biomarkers to be validated by using
independent techniques such as immunochemical measure-
ment or protein arrays [64]. Several distinct research areas are
needed to identify and define relevant autoantigens, including
discovery of candidate autoantigens and characterization of
the sensitivity and specificity of reactivity against individuals
or combinations of candidate autoantigens in cohorts of
patients and controls.

The judicious selection of antigens to be included in panels
or arrays of TAAs is extremely important because not all cellular
proteins recognized as antigens by cancer sera are cancer
specific. This was especially apparent in studies in HCC, where
it was possible to analyze sera from the same HCC patients
many months or years preceding malignancy when the patients
have liver cirrhosis, chronic hepatitis, and autoimmune liver
disease. In the present study, a total of 14 TAAs were selected
to comprise a mini-array approach to detect anti-TAA autoan-
tibodies in 76 patients with HCC. Six of these 14 TAAs, including
RalA, CIP2A/p90, CAPERα, MDM2, NPM1 and 14-3-3 ζ were
newly added to this TAA array, and the other eight TAAs were
the same ones as used in our previous study [13]. RalA, CIP2A/
p90 and CAPERα were identified and evaluated as TAAs in
previous studies [6–8,24]. Mouse double minute 2 homolog
protein (MDM2), also known as E3 ubiquitin–protein ligase, is an
important negative regulator of p53 tumor suppressor [38,66].
Nucleophosmin 1 (NPM1), known as nucleolar phosphoprotein
B23 or numatrin, a multifunctional nucleolar protein, has
emerged as a p14ARF binding protein and regulator of p53 [67].
14-3-3 ζ belongs to the 14-3-3 family of proteinswhichmediates
signal transduction by binding to phosphoserine-containing
proteins and acts as a suppressor of apoptosis and has a central



Table 4 Evaluation of the panel of 14 TAAs in the diagnosis of HCC (%).

Antigens HCC NHS Se Sp FP FN PPV NPV LR+ LR−

1 TAA CAPERα 21.2 0.0 21.1 100.0 0.0 78.9 100.0 59.7 +∞ 0.79
2 TAA CAPERα or survivin 36.8 1.1 36.8 98.9 1.1 63.2 96.6 64.7 33.45 0.64
3 TAA CAPERα or survivin or RalA 39.5 3.4 39.5 96.6 3.4 60.5 90.9 65.2 11.62 0.63
4 TAA CAPERα or survivin or RalA orp62 44.7 5.6 44.7 94.4 5.6 55.3 87.2 66.7 7.98 0.59
5 TAA CAPERα or survivin or RalA orp62 or Koc 52.6 5.6 52.6 94.4 5.6 47.4 88.9 70.0 9.39 0.50
6 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 55.3 6.7 55.3 93.3 6.7 44.7 87.5 70.9 8.25 0.48
7 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 61.8 10.1 61.8 89.9 10.1 38.2 83.9 73.4 6.12 0.42
8 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 61.8 10.1 61.8 89.9 10.1 38.2 83.9 73.4 6.12 0.42
9 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 or 14-3-3 ζ 63.2 10.1 63.2 89.9 10.1 36.8 84.2 74.1 6.26 0.41
10 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 or 14-3-3 ζ or p90 63.2 13.6 63.2 86.4 13.6 36.8 80.0 73.3 4.65 0.43
11 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 or 14-3-3 ζ or p90 or IMP1 65.8 13.6 65.8 86.4 13.6 34.2 80.6 74.8 4.84 0.40
12 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 or 14-3-3 ζ or p90 or IMP1

or c-Myc
68.4 13.6 68.4 86.4 13.6 31.6 81.3 76.2 5.03 0.37

13 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 or 14-3-3 ζ or p90 or IMP1
or c-Myc or NPM1

69.7 15.9 69.7 84.1 15.9 30.3 79.1 76.5 4.38 0.36

14 TAA CAPERα or survivin or RalA or p62 or Koc or MDM2 or cyclin B1 or p53 or 14-3-3 ζ or p90 IMP1
or c-Myc or NPM1 or p16

69.7 17.0 69.7 83.0 17.0 30.3 77.9 76.3 4.10 0.37

NHS: normal human sera; HCC: hepatocellular carcinoma;
Se: sensitivity = positive/Number of HCC cancer.
Sp: specificity = positive/Number of NHS.
FP: false positive = 1-Sp.
FN: false negative = 1-Se.
PPV: positive predictive value = Se/(Se + FP).
NPV: negative predictive value = Sp/(FN + Sp).
LR+: positive likelihood ratio = Se/(1-Sp).
LR−: negative likelihood ratio = (1-Se)/Sp.
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Figure 3 Analysis to determine the presence or absence of co-expression of antibodies to any combination of two of the 14 TAAs.
The height of the bar represents the percentage of sera with co-expression of two antibodies as, e.g., the presence of c-Myc antibody
together with IMP1 antibody, c-Myc antibody with Koc antibody, and so on. NHS: Normal human sera; HCC: Hepatocellular carcinoma;
CH: Chronic hepatitis; LC: Liver cirrhosis.
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role in tumor genesis and progression [68]. The results have
shown that all these six TAAs can induce relatively higher
antibody responses ranging from 10.5% to 21.1% in HCC than
that in normal individuals. The frequency of autoantibodies
against 14 TAAs in autoimmune diseases such as SLE and PSS
were as low as that in NHS, and it was significantly lower than
that in HCC sera. The frequency of autoantibodies to 14 TAAs in
HCC sera ranged from 5.6% to 21.1%, and the cumulative
frequency was 69.7% while using a combination of the 14 TAAs.
Of interest is that some of these anti-TAA autoantibodies can be
detected at least one year before the diagnosis of HCC. This
indicates that the panel of 14 TAAs as targets for detection of
autoantibodies might be used as valuable biomarkers for the
early diagnosis of HCC. In our previous study [69], we have
investigated another group of HCC patients, and found that 7 of
8 HCC patients with autoantibodies against multiple TAAs had
normal range of serum AFP levels. Six of these 8 HCC patients
with anti-TAA antibodies were also confirmed to have well- to
moderately differentiated HCC with comparatively small
nodules of HCC (b30 mm). In the present study, 43.8% of HCC
sera with normal AFP level had anti-TAA autoantibodies. The
results have further supported our previous hypothesis that
anti-TAA antibodies may be used as supplementary serological
markers for the diagnosis of HCC, especially for the
AFP-negative cases.

Recent studies on genetic abnormalities in cancer have
elucidated many of the observed immunological reactions
described above. In breast and colorectal cancers, a typical
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tumor contains two to eight ‘driver gene’ mutations which
modulate or alter signaling pathways [70,71] so that even
at the gene level alone without considering epigenetic
factors, a multiple number of mutations is required to
establish tumorigenecity. These observations have been
widely confirmed in many other tumor types and might be
the reason for the immune system of the patient
responding accordingly by making multiple immune re-
sponses manifested as multiple autoantibodies to TAAs.
Other observations on the de-novo appearance of anti-TAA
antibodies coincident with clinical detection of cancer may
be relevant to the concept of synthetic lethality in cancer
[72,73]. This concept is based on studies in yeast and
Drosophila which showed that when two genes are
synthetically lethal, mutation in one gene alone is
non-lethal, but simultaneous mutations in both genes are
lethal. This concept has been expanded to include the
condition called synthetic sickness/lethality. An example
is where mutation of the breast tumor suppressor genes
BRCA1/2 is synthetically lethal with simultaneous inhibi-
tion of the DNA repair enzyme Poly (ADP-ribose) polymer-
ase 1 [73]. Other examples include the observation that
KRAS-mutant but not wild type colon cancer cells were
synthetically lethal when coupled with inhibition of
proteasome chymotrypsin-like activity [74]. In studies of
serial serum samples from HCC patients, autoantibodies
could be detected during preceding chronic hepatitis or
liver cirrhosis but coincident with transition to HCC, new
autoantibodies appeared, a sequence which was observed
in the patient whose serum was used to isolate CAPERα [6]
and in several other patients [75]. This event could
represent the immune system sensing a ‘second hit’ in
the synthetic lethality paradigm.

In summary, this study further demonstrates that
malignant transition in HCC can be associated with autoan-
tibody responses to certain cellular proteins which might
have some roles in tumorigenesis, and suggests that a
mini-array of multiple carefully selected TAAs can enhance
antibody detection for immunodiagnosis of HCC. As noted in
this study, our efforts were aimed at increasing both the
sensitivity and specificity of antibodies as markers in HCC
detection to include antigens which might be more
selectively associated with HCC and not with others.
According to the data in the present study, we thought
that our TAA array might be used as a novel non-invasive
approach to identify HCC at early stages in individuals who
have high risk of HCC, such as patients with chronic hepatitis
and liver cirrhosis. We conclude that multiple anti-TAA
antibody detections improve predictive accuracy even if
further work would be necessary to validate the detection
of anti-TAA autoantibodies as a clinically reliable approach.
A comprehensive analysis and evaluation of various combi-
nations of selected antibody-antigen systems will be useful
for the development of autoantibody profiles involving
different panels or arrays of TAAs in the future, and the
results could be useful for diagnosis of specific types of
cancers.
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Figure 4 The expression of autoantibodies for the representative HCC patients with serial bleeding serum samples. Case A and case
B are two representative patients with serial serum samples. Number 1–6 stand for six time point of sample collection. For case A, 1:
6/18/1993; 2: 9/8/1993; 3: 12/17/1993; 4: 3/30/1994; 5: 6/1/1994; 6: 9/6/1994. For case B, 1: 12/17/1991; 2: 3/17/1992; 3: 6/16/
1992; 4: 10/20/1992; 5: 11/24/1992; 6: 3/2/1993. *: time point of HCC diagnosis.

Table 6 Sensitivity of combined use of both AFP and 14
anti-TAAs in HCC detection.

AFP levels 14 anti-TAAs

Positive Negative Total

N100 ng/ml 14(A) 13(B) 27
b100 ng/ml 7(C) 9(D) 16
Total 21 22 43

Sensitivity (%) of AFP = A + B/(A + B + C + D) = 27/43 = 62.8%.
Sensitivity (%) of 14 TAAs = (A + C)/(A + B + C + D) = 21/43 =
48.8%.
Sensitivity (%) of combined both AFP and 14 TAAs = (A + B + C)/
(A + B + C + D) = 34/43 = 79.1%.
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Abbreviations

ABTS 2,2′-azino-bis (3-ethyl-benzothiazoline-6-sulfonic
acid) diammonium salt

AFP alpha-fetoprotein
CH chronic hepatitis
ELISA enzyme-linked immunosorbent assay
FN false negative
FP false positive
GST glutathione S transferase
HCC hepatocellular carcinoma
HRP horseradish peroxidase
LC liver cirrhosis
LR likelihood ratio
LR+ positive likelihood ratio
LR− negative likelihood ratio
NHS normal human sera
NPV negative predictive value
OD optical density
PBS phosphate-buffered saline
PBST PBS containing 0.05% Tween 20
PCR polymerase chain reaction
PPV positive predictive value
PSS progressive systemic sclerosis
Se sensitivity
SLE systemic lupus erythematosus
Sp specificity
TAAs tumor-associated antigens
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