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The expression of Cancer/Testis (CT) antigens in some tumors and
restricted expression in normal tissue make CT antigens attractive
vaccine targets. We evaluated the expression of MAGE-A3, PLAC1,
GAGE, and CTAG2 in a series of colorectal cancers (CRC). CT
mRNA expression was determined via quantitative PCR on paired
tumors and normal tissue samples from 82 CRC patients. In
addition, plasma antibody titers specific to MAGE-A3, PLAC1,
GAGE, and CTAG2 were determined via ELISA. Tissue expression of
MAGE-A3 was assessed via a standard IHC protocol. The Student’s ttest was used for statistical analysis (significance p < 0.05). Tumor
expression of MAGE-A3, CTAG2, and GAGE was compared to the
levels of expression in testis. The percentage of samples that had a
tumor vs. testis expression ratio above 0.1% was: MAGE-A3 (28%)
and CTAG2 (17%) but no tumor presented GAGE expression levels
above 0.1%. The expression levels of PLAC1 in tumors were
compared to the levels in placenta, and in 12.8% of the samples
analyzed, these levels were above 0.1%. Sero-reactivity specific for
MAGE-A genes and PLAC1 was noted in 2.4% and 2.6% of patients,
respectively. MAGE-A3 and PLAC1 may hold promise as vaccine
targets for CRC. Further study is warranted.
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Introduction
The mortality associated with colorectal cancer remains high
despite advances made in adjuvant and neoadjuvant therapy.
The search for new and effective anti-cancer treatments
continues. One attractive, although controversial, avenue of
research is immunotherapy. Evidence that the immune system
can impact colorectal tumor growth can be found in Galon et
al.’s study which demonstrated that a strong immune reaction
within a tumor as evidenced by tumor-infiltrating lymphocytes
(TILs) correlated with a favorable prognosis regardless of the
local extent of the tumor or the invasion of regional lymph
nodes (Stages I, II, III) (1). Immunotherapy includes both nonspecific immunomodulation, as well as tumor vaccines and
related treatment strategies that have as their goal the
development of antigen-specific CD8 T cell responses.

A variety of vaccines, including whole cell and protein
vaccines, have been assessed clinically and have met with limited
success, thus far (2). Over the last decade, the importance of Tregulatory cells and other mechanisms that limit the immune
response to tumor-associated antigens (TAA) and peptides has
become clear. New strategies are being developed to overcome
these obstacles to effective vaccination. In addition, the search
goes on for new TAA vaccine targets that are expressed in a
reasonable percentage of tumors of a particular type, yet are
expressed only in a limited way or not at all by normal tissues.
A subset of TAAs which are promising vaccine targets are the
Cancer/Testis (CT) category of antigens. These antigens are
normally expressed only in the testis, which is an immune
privileged location. Because these are essentially “foreign”
antigens to the immune system, it is believed that when tumors
express one of these proteins, there is a greater chance that a
specific CD8 response may result. CT antigen expression in
human tumors has been assessed via mRNA and
immunohistochemical analysis; for most tumors, including
colorectal cancer, the expression rate for each particular CT
antigen ranges between 5% and 40% (3). Of note, one study has
demonstrated that expression of CT antigens in a subset of CRC
patients was associated with a detectable T cell response (3).
A vaccine specific to MAGE-A3 is being used in clinical trials
worldwide (4). MAGRIT (MAGE-A3 as Adjuvant Non-Small
Cell Lung Cancer Immunotherapy Trial), the largest ever phase
III lung cancer trial, is investigating the efficacy of the MAGEA3 antigen-specific cancer immunotherapeutic (ASCI) agent in
preventing non-small cell lung cancer (NSCLC) recurrence. In
this case, the ASCI agent is a MAGE-A3 recombinant protein: a
His-tag MAGE-A3 protein with protein D at the N-terminus,
produced by GlaxoSmithKline. In the MAGRIT trial, after
tumor resection, MAGE-A3 ASCI agent is administered to
patients with Stages IB, II, and IIIA NSCLC whose tumors are
MAGE-A3-positive (4). The phase II study of MAGE-A3 of 182
patients with NSCLCs (122 Stage IB, 60 Stage II) showed that
MAGE-A3 treatment in NSCLC was associated with a relative
improvement of disease-free interval and disease-free survival
of 27% (5). There is another large trial under way named
DERMA (aDjuvant immunothERapy with MAGE-A3 in
melanoma) investigating the effect of administering MAGE-A3
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ASCI agent to patients with Stage IIIB or IIIC melanoma that
has spread to the lymph nodes. The main purpose of this study is
to determine the frequency of expression of selected CT
antigens in a set of colorectal cancers.

the CTAG2 analyses was: Stage II, 18 pts (51%); Stage III, 16 pts
(46%); and Stage IV, 1 pt (3%). One rectal cancer patient (1%)
received neoadjuvant pelvic external beam radiation and
chemotherapy. None of the other patients received preoperative
chemotherapy.

Results

Selection of CT antigens to be analyzed

Demographics and clinical data

As mentioned, a total of 82 patients with adenocarcinoma of
the large intestine that underwent surgical resection were
included in this study. The mean age of the patients was 66.4 +/17.3 years (45% male, 55% female). The tumor locations were as
follows: right, 41 (50%); sigmoid/rectosigmoid, 18 (22%); rectal,
10 (12%); and left or transverse, 13 (16%). The final stage
distribution for the 82 patients who were included in the
MAGE-A3 analysis was: Stage II, 44 pts (54%); Stage III, 35 pts
(43%); and Stage IV, 3 pts (3%). The stage breakdown data for
the 78 patients included in the PLAC1 and GAGE analyses was:
Stage II, 41 pts (52%); Stage III, 34 pts (44%); and Stage IV, 3 pts
(4%). The stage breakdown data for the 35 patients included in

To select CT antigens for this study, we have initially carried
out a pilot study in which we have tested the expression of 11
highly restricted CT antigens, according to the CT database (6)
in 19 colon cancer cell lines by a semi-quantitative RT-PCR
methodology (Figure 1 and Table 1). GAGE, MAGE-A3, and
PLAC1 were found to be frequently expressed in this set of cell
lines (74%, 79%, and 83%, respectively). MAGE-A3 and PLAC1
were found to be expressed at high levels in 37% and 31% of the
cell lines. Moreover, except for two, at least one of these three
antigens was found to be expressed in all remaining cell lines
tested. We then decided to investigate if the high frequency of
expression of these antigens in colon cancer cell lines could be
indicative of the frequency of the expression in primary tumors.

Figure 1

Semi-quantitative analysis of CT antigen expression in colorectal cancer cell lines.
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Table 1

Semi-quantitative RT-PCR primer information.

Expression of MAGE-A3, PLAC1, GAGE, and CTAG2

Expression of MAGE-A3, PLAC1, GAGE, and CTAG2 was
analyzed in 82 paired samples of tumor and normal tissues (37
male, 45 female). PLAC1 and GAGE were analyzed in 78 paired
samples (35 male, 43 female). CTAG2 was analyzed in 35 paired
samples (18 male, 17 female). We have compared the expression
of these antigens in malignant tissues to the testicular (or
placental) expression. We established as a threshold for positive
expression a response greater than 0.1% of testicular (or
placental) expression levels. The percentage of tumors that
expressed greater than 0.1% of the testicular (or placental)
standard for each gene was: MAGE-A3, 28%; PLAC1, 12.8%;
CTAG2, 17%; and GAGE, 0%. Expression of MAGE-A3 was
significantly high in 13.4% of patients studied (n = 11)
(Figure 2). The expression levels of these 11 tumors ranged from
0.2 - 5 times that of normal testicular expression (Figure 3).
Further breakdown yields 3 tumors expressing 0.2 - 0.4 times, 2
tumors expressing 1 - 1.4 times, and 6 tumors expressing 1.8 - 5
times the expression in testis. The expression levels of CTAG2
remained significantly low when compared to normal testis
expression (three tumors expressed 0.04 - 0.06 times of testis
expression). Notably, adjacent normal tissues of two of those
tumors also had similar expression levels. No tumor expressed
levels of PLAC1 greater than normal placental expression, and
similarly, no tumor expressed greater GAGE and CTAG2 levels
when compared to normal testicular expression. Compared to
the expression levels of 0.1% of placental standard, six patients
had PLAC1 expression in their tumors ranging from 1.5 - 6.7
times (Figure 4). No tumors had GAGE expression more than
0.1% testis expression. In general, low expression of GAGE and
CTAG2 was observed across the CRC tumors analyzed in this
study.

In the analysis of anti-MAGE-A antibodies, plasma from only
six patients demonstrated presence of antibodies against MAGE
family proteins. Two patients demonstrated titers against each
and every MAGE family protein (n = 2); one patient
demonstrated titers against MAGE-A1 and MAGE-A10 (n = 1);
one patient against MAGE-A3 and MAGE-A10 (n = 1); one
patient against MAGE-A4 (n = 1); and one patient against
MAGE-A10 alone (n = 1). Of the previously described six
patients, two patients (n = 2) had tumors expressing MAGE-A3
in excess of their normal tissue, and one of those patient’s tumor
expressed MAGE-A3 in excess of standard testicular expression
(2.8 times higher than normal testicular level). None of the six
patients with a positive anti-PLAC1 antibody response
expressed elevated levels of PLAC1 in their tumors compared to
normal tissue.

Figure 2

Plasma anti-CT antigen antibody evaluation

Normally, the plasma of a small subpopulation had positive
serological reactivity for MAGE family antigens or PLAC1
antigen. However, the response was not a remarkably strong
one.

MAGE-A3 expression (dRn) in normal tissue, colon tumor tissue, and testis
(positive control).
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Figure 3

MAGE-A3 expression (dRn) in individual colon tumors that yielded 0.5-5 times more expression than that of normal testicular levels.

To study the antibody response to CTAG2, we also used NYESO-1 (LAGE-1 is CTAG2) antigens (at least 80% of their gene
sequence is identical to CTAG2). Among the entire study
population, low titers of antibodies to NY-ESO-1 could be
demonstrated in four patients; two (n = 2) patients’ plasma were
found to have a low antibody titer for LAGE-1. LAGE-1 was
tested in only 44 of the plasma samples that were available to
analyze.
Additionally, a prominent antibody response against p53 was
observed within the patient population studied for serology. The
response was more frequent than any CT antigen tested (n = 14;
17%) and was strong in 12 patients.
Immunohistochemical evaluation

MAGE-A3 expression in tumors was further confirmed by
immunohistochemistry. At first, IHC analysis was undertaken
in 27 pairs of tumor/normal sections (33%). Only one frozen
tumor section showed more than 10% of the neoplastic cells
staining strongly positive for MAGE-A3 antigen (3.7%); that
tumor demonstrated a high MAGE-A3 expression. Figure 5A
shows positively stained colonic adenocarcinoma with 3+
positive nuclear staining for MAGE-A3 antigen. Figure 5B
shows a section of adjacent normal colonic tissue with negative
staining for MAGE-A3 antigen and Figure 5C is a section of
normal seminiferous tubule with positive nuclear staining of
germ cells for MAGE-A3 antigen. Further analysis of IHC was
performed in a subgroup of tumor/normal tissue pairs that were
selected based on the MAGE-A3 expression levels by RT-PCR.
In this group, IHC was executed in 16 tumor/normal pairs (high
expression, n = 4; low expression, n = 6; and no expression, n =
6). Positive staining for the MAGE-A3 antigen was not observed
in this subgroup analysis. IHC was not carried out for PLAC1
and GAGE due to unavailability of specific monoclonal
antibody at the time of the experiments. No further IHC
evaluation was performed for ACRBP or CTAG2 as the RT-PCR
expression was not significantly elevated in tested tumor tissues.

Correlation of MAGE-A3, CTAG2, and PLAC1 expression and
expression ratio with tumor differentiation, vascular invasion, tumor
size (T), nodal status (N), and overall tumor stage

Statistical correlation of MAGE-A3, CTAG2, and PLAC1
expression levels and expression ratio (expression in tumor
tissue vs. normal tissue) with tumor differentiation, vascular
invasion, tumor size (T), nodal status (N), and overall stage was
carried out. A significant relationship between MAGE-A3,
CTAG2, and PLAC1 expression in tumor tissue and expression
ratio (tumor/normal tissue) was found (p < 0.001). Direct
significant correlations between T size and MAGE-A3
expression ratio (p = 0.047) and T size and MAGE-A3
expression (only at 10% level; p = 0.064) were observed.
Likewise, tumor size was significantly correlated with CTAG2
expression (p = 0.045) and expression ratios (p = 0.014). No
correlation was found between the level of MAGE-A3 and
CTAG2 expression and overall tumor stage; whereas, PLAC1
expression ratio was significantly correlated to overall stage (p =
0.025) and N stage (only at 10% level; p = 0.093).

Figure 4

PLAC1 expression (dRn) in normal tissue, colon tumor tissue, and placenta
(positive control).
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Figure 5

Immunohistochemical evaluation of monoclonal mouse antibodies for human MAGE-A3 expression in tumor sections. (A) Colonic adenocarcinoma shows 3+
positive staining; (B) Normal colonic mucosa (negative control); (C) Testis with positive nuclear staining of germ cells.

Discussion
The selection of target antigens with potent immunogenicity is
vital to immunotherapy design. Aside from minimal or no
expression in normal tissue, a major factor in the selection of
target antigen is the level of expression of the antigen in the
cancer tissue of interest. Previous studies have evaluated
expressions using 0.1% of testis (or placenta) expression as the
cutoff, which is roughly correlated with weak to moderate
expression as defined by conventional RT-PCR (7, 8). In one of
these studies (7), when comparing quantitative RT-PCR to
qualitative RT-PCR and IHC for detection of CT45 expression,
the authors found that in comparison to testicular CT45 mRNA
level, positive qualitative RT-PCR corresponded to cases with >
0.1 – 1% testicular expression. In that study, only cases with
CT45 mRNA levels > 1% of testicular expression (1.2 – 49.5%
range) showed positive CT45 expression by IHC. In
comparison, only three of the cases that demonstrated no or low
CT45 mRNA expression (< 1% testicular expression) showed
positive CT45 staining, all in focal staining pattern, including
one case with calculated CT45 mRNA level of 0.0005% testicular
level that was found to have a small population of CT45-positive
cells. We opted to set the cutoff (0.1% of the testicular levels) for
positivity in this study based on the correlation that it shows
with positivity in qualitative RT-PCR, which is a widely used
method for CT antigen detection, but it is not clear that low
levels of CT antigens would be meaningful or enough for
eliciting immune response. As per the criteria outlined above,
weak to moderate expression of MAGE-A3 was found in 28% of
the tumors assessed. In only a minority of patients whose
tumors demonstrated high MAGE-A expression did
immunohistochemical testing confirm the presence of MAGEA3 protein. In future studies, the utilization of the more sensitive
fluorescent immunohistochemical methods might provide
better protein data.
MAGE-A3 is a frequently expressed CT antigen. In terms of
frequency of expression in different tumor types, at least 50% of
solid tumors are known to express MAGE-A3 (9-15). The low
frequency of positive IHC staining results could possibly be due
to the presence of poorly differentiated proteins (antigen) and/
or due to an absence of intact antigen as a result of degradation
during the course of tissue preparation for the analysis. Use of
Formalin preservation for tissue would have been ideal for IHC
as it reduces the probability of having false-negative IHC

staining. PLAC1 was found in 12.8% of the tumors to have an
expression level above the weak to moderate cutoff. GAGE
expression was low and fell below the established cutoff (0.1%).
CT antigens in CRC patients have been previously found to have
a relatively low level of expression in general (3). Other studies
have used a PLAC1 vaccine in concert with vaccines from other
less highly expressed CT antigens (16). This strategy may very
well be applicable in colorectal cancer where we might combine
antigens to achieve a greater tumor response.
A CT antigen does not need to be expressed in a great majority
of tumors in order to be considered for use in immunotherapy.
The MAGRIT trial is built upon MAGE-A3 expression of 3555% of NSCLC tumors (4). Our study demonstrates expression
of MAGE-A3 in 28% of CRC tumors and concurs with an
investigation of 121 samples of CRC tumor and normal tissue by
Li et al., which reported 27.3% expression (3). The study by Li et
al. analyzed 121 patients with colorectal cancer for presence of
various CT genes including MAGE-3 by RT-PCR; MAGE-3 was
found to be the most frequently expressed. The study by Li et al.
also
lacked
confirmation
of
MAGE-3
by
immunohistochemistry, serum antibody levels against MAGE3, and ratio of expression of CT antigen tumor expression to
testis expression and so these cannot be compared with our
results. Similar to our study, Li et al. also did not detect
significant correlation between CT gene expression and other
factors such as age, gender, tumor location, size, gross type,
differentiation, or invasion depth. This Li et al. study also
demonstrated that for another prominent CT antigen, NY-ESO1, mRNA was expressed in 9.9% of the samples, and correlated
significantly with stages (p = 0.041) and local lymph node
metastasis (p = 0.002). NY-ESO-1 has been the subject of phase
1 trials for melanoma, NSCLC, ovarian, sarcoma, prostate, and
bladder cancer (16).
The significance of the low percentage of patients who
demonstrated sero-reactivity against MAGE-A3 and PLAC1 is
seen in several studies (17-19). Some patients who
demonstrated an antibody response in preoperative blood had
low or no RT-PCR expression in their tumor tissues. One theory
is that lymphocytes that are able to invade a tumor could disrupt
malignant cells, thus producing antigens localized within the
tumor (including CT antigens). This takes place throughout the
development of the tumor, and the antibodies produced against
the tumor-specific antigen could remain in the patient’s blood
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for some time. Another possible explanation for the high
percentage of patients found to have no circulating antibodies is
that the level of antigen expression in these patients does not
reach the threshold required to trigger a humoral response.
Furthermore, in cases where antigen expression is high, if
insufficient antigen is bound to antigen presenting cells, a
humoral response may be less likely. Lastly, in the case of
necrotic tumors, the immune response may be limited.
Weak IHC response in tumor tissue compared to seroreactivity could be explained by a disconnect that may exist
between the circulating antibodies reflecting an older malignant
cell lineage and the present antigen expression milieu of the
tumor at time of surgery.
The ideal vaccine would provide a synthetic antigen sufficient
enough to mount an antibody response, though not so robust as
to develop anaphylaxis. Given this, the low proportion of seroreactivity in our study may bode well for prospects of MAGE-A3
and PLAC1 as potentially safe anti-tumor vaccines.
Indeed one might question how much clinical benefit a CT
antigen-based vaccine would give for a patient who already
demonstrates sero-reactivity to that CT antigen. A much larger
study analyzing the long term clinical course of patients who do
and do not have a measurable sero-reactivity to MAGE-A3 and
PLAC1 may give insight into the potential value of a MAGE-A3
or PLAC1 as an immunotherapy.
In CRC patients, a MAGE-A3 vaccine could have utility if used
in an adjuvant manner such as in the MAGRIT study or perhaps
in a neoadjuvant manner. Currently, neoadjuvant therapy is
administered with an eye toward downstaging, but perhaps
preoperative administration of MAGE-A3 vaccine could serve
to suppress any systemic seeding of tumor cells prior to or at the
time of surgery. In addition to the trauma-related release of
cancer cells that may occur during surgical resection, surgical
trauma has been found to cause immunosuppression and
plasma compositional changes favoring angiogenesis. Immune
function alterations and proangiogenic plasma protein changes
have been demonstrated in both murine and human studies.
Colorectal resection may stimulate the growth of residual cancer
via surgery-related proangiogenic blood protein alterations that
persist for up to one month after surgery (20). During this
period, the appropriate concern for wound healing and
anastomotic complications preclude us from administering
chemotherapeutic agents. A targeted immune modulator, such
as a CT antigen vaccine, could serve as vital protection during
this period of vulnerability.
One may ask if a cancer antigen that is expressed in 28% of
CRC patients is clinically significant. Colorectal cancer is the
third most common cancer worldwide after lung and breast
cancers, accounting for an estimated 1,023,256 new cancer cases
and 529,020 cancer deaths per year (21). Even a quarter of these
numbers represent a very sizable burden of morbidity and
mortality, so a vaccine that could reduce this burden would be of
great value. As there is likely no single magic bullet in terms of
CRC vaccines, a multi-pronged approach is appropriate.
Multiple vaccines could be useful within the population or
within an individual. Although initial efforts at development of
CT antigen vaccines should target the most frequently expressed
antigens, eventually a strategy of developing vaccines for
antigens expressed in smaller percentages of CRC patients, such
as PLAC1, may be reasonable.
In conclusion, these results suggest that MAGE-A3 and
PLAC1 hold some promise as vaccine targets for patients with
CRC tumors expressing these proteins. It is not clear that a
correlation between antigen expression in the tumor and sero-

6 of 9

reactivity in the form of antibody will predict an effective
vaccine. Due to the heterogeneous expression pattern of MAGEA3 and PLAC1, it is important to evaluate other tumor antigens
and CT antigens specifically to further understand the
interactions between protein expression, systemic immunologic
response in terms of spontaneous antibody formation, and the
potential response to immunological stimulation from vaccines
against any number of antigens.
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blocks were cut in the macromolecular laboratory at the Irving
Comprehensive Cancer Center, an affiliate of New YorkPresbyterian Hospital, Columbia University Health Science
Campus, New York. Sections from the identified frozen tumor
and normal colonic tissue blocks were taken at -20°C and
assessed histologically to confirm the presence of tumor and the
quality of each sample. 30 sections of 10 μm thickness were
collected in PCR tube for RNA extraction, whereas 10 sections
of 5 μm thickness were harvested and utilized for IHC.
RNA extraction

20. Shantha Kumara HMC, Feingold D, Kalady M, Dujovny N, Senagore A, Hyman N, Cekic V, Whelan RL. Colorectal resection is
associated with persistent proangiogenic plasma protein changes:
postoperative plasma stimulates in vitro endothelial cell growth,
migration, and invasion. Ann Surg 2009; 249: 973-977. (PMID:
19474682)
21. Kamangar F, Dores GM, Anderson WF. Patterns of cancer incidence, mortality, and prevalence across five continents: defining
priorities to reduce cancer disparities in different geographic

Total RNA was isolated from the tissue samples using Qiazol
(Qiagen, CA) and purified with miRNeasy Kit (Qiagen, CA).
Briefly, sections of frozen tissue block embedded in OCT
(optimum cutting temperature) compound were cut and placed
into a 2 ml Eppendorf tube, and then homogenized by
TissueLyser II (Qiagen, CA) with 1 ml Qiazol added. After the
aqueous phase was recovered from chloroform-derived phase
separation, another step of acid phenol-chloroform extraction
was performed with a phase lock gel tube (Qiagen, CA). RNA
precipitation, column binding, on-column DNase digestion,
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washing, and elution were performed according to kit
instructions. RNA integrity was confirmed by agarose gel
electrophoresis and the concentration determined by measuring
OD260nm in BioPhotometer (Eppendorf, NY).
Reverse transcription

The cDNA first strand reverse transcription was performed
with the ABI High Capacity RNA-to-cDNA Kit (Applied
Biosystems, CA). Briefly, 1 μg of total RNA, 10 μl of 2X reverse
transcription buffer, and 1 μl of 20X enzyme mix were incubated
together in a total volume of 20 μl at 37°C for 60 minutes,
followed by 95°C for 5 minutes, and held at 4°C. The synthesized
cDNA was stored at -20°C until further use.
Semi-quantitative RT-PCR

Cell lines were obtained from the Cell Bank of the LICR, New
York Branch and were maintained in RPMI 10% FBS plus Nonessential amino acids. Total RNA from cell lines was prepared
with RNeasy (Qiagen, Hilden, Germany). First strand cDNA
was synthesized with 1 μg of total RNA using oligo (dT)12-18
primers or random hexamers (Invitrogen, Carlsbad, CA) and
Omniscript Reverse Transcription (Qiagen, CA) in a total
volume of 20 μl, and 1/5 of the volume of the cDNA was used in
the semi-quantitative polymerase chain reaction (PCR) with
primers listed in Table 1. After preheating at 94°C for 5 minutes,
the PCR cycles (30 repeats) were as follows: 1 minute at 94°C,
annealing at 60°C for 2 minutes, and extension at 72°C for 2
minutes, followed by a final extension for 7 minutes at 72°C.
PCR products were evaluated by agarose gel (1.5%)
electrophoresis. -Actin was amplified as control.
Quantitative PCR

Comparative quantitative PCR was performed in the
Mx3005P real-time PCR machine (Stratagene, CA), using the
QuantiTect SYBR Green PCR kit (Qiagen, CA). Briefly, PCR was
carried out in a 20 μl volume and with a final concentration of
1X reaction buffer, 300 nM forward and reverse primers, and 10
ng cDNA (corresponding to the amount of input RNA).
Information about forward and reverse primers for MAGE-A3,
PLAC1, GAGE, and CTAG2 [LAGE-1] are provided in Table 2.
The PCR reaction steps were as follows: hot-start at 95°C for 15
minutes, and then 45 cycles of 95°C for 20 seconds, 55°C for 30
seconds, and 72°C for 30 seconds after which a dissociation
curve measurement from 55 to 95°C was carried out. Template
control (NTC) was not included in every assay and all samples

were done in duplicate at the least. PCR data analysis was carried
out with software MxPro (Stratagene, CA). Comparative
quantitative analysis was performed based on delta-delta Ct
method using housekeeping gene GAPDH as internal control.
Results are expressed as relative quantity (dRn). dRn is the
magnitude of the fluorescence signal generated during the PCR
at each time point that normalized to the reference dye after
subtraction of background. Each plate contains amplification on
testis and placenta cDNA template as intra-/cross-plate
calibrator.
ELISA (plasma anti-CT antigen antibody assay)

The presence of plasma antibodies to MAGE-A family
proteins, PLAC1, NY-ESO-1, and LAGE-1 was determined via
ELISA in a subset of patients. Frozen preoperative plasma
samples were thawed immediately prior to analysis. Analysis of
plasma samples by ELISA was performed using the method
described by Gnjatic et al. (22). Briefly, E. coli produced fulllength recombinant MAGE-A3 and PLAC1 proteins. Control
protein antigens NY-ESO-1, LAGE-1, MAGE-A1, truncated
MAGE-A3 (64-226), MAGE-A4, MAGE-A10, and p53 were
adsorbed at 1 μg/mL to low-volume 96-well plates (Corning).
After blocking with PBS containing 5% nonfat milk, serum
samples were tested over a range of serial 4-fold dilutions from
1:100 to 1:6,400. After incubation, plates were washed with PBS
containing 0.2% Tween and rinsed with PBS. Plasma IgG bound
to antigens was detected with alkaline-phosphatase-conjugated
specific monoclonal antibodies (Southern Biotech). After
addition of AttoPhos substrate (Fisher Scientific), absorbance
was measured using a fluorescence reader (Cytofluor Series
4000, Perseptive Biosystems). A reciprocal titer was calculated
for each plasma sample as the maximal dilution still significantly
reacting to a specific antigen. Specificity was determined by
comparing sero-reactivity amongst various antigens tested. In
each assay, plasma of patients with specific reactivity known to
be present or absent were used as controls. Titers were
considered significant if > 100.
Tissue sections for IHC

Five μm-thick tissue sections obtained from the frozen tissue
blocks were stained with Hematoxylin and Eosin (H&E) and
were reviewed by two pathologists to confirm the presence of
tumor and the proportion of tumor and noncancerous tissue in
each section. Likewise, the normal colon tissue sections were
also assessed after H&E staining.

Table 2

Real-time PCR primer information.
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IHC analysis

Immunohistochemistry was performed on 54 fresh frozen
slides (27 tumor/normal pairs) using standard IHC protocol.
The IHC evaluation had to be limited to MAGE due to
unavailability of standardized antibodies for GAGE and PLAC1
analysis. IHC was not carried out for CTAG2 due to their poor
expression levels noted in colon tumors. Fresh frozen samples of
normal testis and placenta were selected as positive control. IHC
staining was performed on 5 μm-thick sections of fresh frozen
samples with monoclonal mouse antibody to MAGE-A (6C1)
(sc-20034, Santa Cruz Biotechnology, Inc.). The slides were
incubated in H2O2 solution for 10 minutes at room temperature
to block the endogenous peroxidase activity. Antigen retrieval
was performed by steamer heating in 10 mmol/L citrate buffer
(pH 6.0). After epitope recovery, slides were incubated with
primary antibody MAGE-A (6C1) 1:250 dilution overnight at
4°C. Slides were washed and incubated with secondary
biotinylated anti-mouse IgG (H+L, Vector Laboratories, Inc.) at
1:500 dilution and tertiary streptavidin-peroxidase conjugate
(ABC complex, Vector Laboratories, Inc.). Slides were treated
with chromogen “diaminobenzidine” for antigen detection.
Counterstaining was performed with hematoxylin, dehydrated,
cleared in xylene, and mounted on coated slides. No IHC was
performed for the other antigens.
Evaluation of immunohistochemical staining

Immunoreactivity was evaluated independently by two
pathologists and the percentage of tumor cells expressing
MAGE-A3 determined. IHC staining was considered “positive”
when at least 10% or more of the neoplastic cells stained
positive. In addition, the intensity of staining was scored on a
scale of 1 to 3 (1+ weak, 2+ moderate, and 3+ strong). IHC
staining of 1+ intensity in < 10% of neoplastic cells was
considered negative, whereas IHC staining of 2-3+ intensity in <
10% of cells was considered indeterminate.
Statistical analysis

The demographic and clinical data are expressed as the mean
and standard deviation of continuous variables, whereas
frequencies and percentages were determined for categorical
variables. The t-test was utilized for comparison of continuous
variables. To gain insight into the relationship between multiple
ordinal variables with non-normal distribution, a
nonparametric Spearman’s Rho test which tests for correlation
between two rank-ordered variables was used. A p value
between 0.01 and 0.1 was considered statistically significant.
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