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(i) predominant mRNA expression in testis, but generally not
in other normal somatic tissues, (ii) gene activation and mRNA
expression in a wide range of human tumor types, (iii) existence of multigene families, and (iv) with one exception,
localization of coding genes to chromosome X. Six CT antigens
or antigen families have been identified, three of them originally defined by cloning cytotoxic T lymphocyte-recognized
antigens expressed by the melanoma cells of a single patient:
MAGE (10, 12, 13), BAGE (14), and GAGE (15). The other
three CT antigens were identified by SEREX analysis by using
sera from patients with melanoma (SSX2) (2, 16), esophageal
cancer (NY-ESO-1) (5), and renal cancer (SCP1) (17).
To identify additional members of the CT family, cDNA
libraries of testes have been constructed and used as targets for
screening, either with sera from cancer patients (17, 18) or with
molecular probes identifying known CT antigens (18). Several
new CT antigens, e.g., SCP1 (17) and new members of the SSX
family (SSX3, 4, and 5) (18), have been uncovered in this way.
During SEREX analysis of testicular libraries, however, it
became clear that because of the uniquely broad transcriptional repertoire of testis, CT antigens represent only a small
fraction of SEREX-identified testicular clones. To enrich CT
cDNA species, Türeci et al. (17) used testicular cDNA library
subtracted with mRNA from nontesticular tissues. An alternative approach aimed at identifying new CT antigens was
pursued in the present study. Melanoma cell lines were
screened for expression of known CT antigens, and a cDNA
library was constructed from a melanoma cell line (SK-MEL37) expressing a wide array of known CT antigens. This library
was screened with serum from melanoma patient NW38,
known to have high-titer antibodies to two CT antigens (19,
20). The rationale for this approach was based on two assumptions: first, SK-MEL-37 has a simpler transcriptional repertoire than testis and CT antigens may be better represented in
the SK-MEL-37 cDNA library than in the testicular library;
and second, sera from cancer patients with antibodies to one
or more known CT antigens might be expected to be a good
source of antibodies to other unidentified CT antigens. In
addition, the use of cancer cell lines for SEREX analysis has
other benefits, including the absence of contaminating normal
cell types invariably present in tumor specimens, and the
elimination of B cells that give rise to false-positive IgGexpressing clones in the expression library.

ABSTRACT
Cancerytestis (CT) antigens—immunogenic
protein antigens that are expressed in testis and a proportion
of diverse human cancer types—are promising targets for
cancer vaccines. To identify new CT antigens, we constructed
an expression cDNA library from a melanoma cell line that
expresses a wide range of CT antigens and screened the library
with an allogeneic melanoma patient serum known to contain
antibodies against two CT antigens, MAGE-1 and NY-ESO-1.
cDNA clones isolated from this library identified four CT
antigen genes: MAGE-4a, NY-ESO-1, LAGE-1, and CT7. Of
these four, only MAGE-4a and NY-ESO-1 proteins had been
shown to be immunogenic. LAGE-1 is a member of the
NY-ESO-1 gene family, and CT7 is a newly defined gene with
partial sequence homology to the MAGE family at its carboxyl
terminus. The predicted CT7 protein, however, contains a
distinct repetitive sequence at the 5* end and is much larger
than MAGE proteins. Our findings document the immunogenicity of LAGE-1 and CT7 and emphasize the power of
serological analysis of cDNA expression libraries in identifying new human tumor antigens.
Defining the range of tumor antigens recognized by the
immune system of the autologous host has long been a goal of
tumor immunology (1). The recent development of a new
approach to dissect the humoral immune response to cancer
has opened the way to establishing a comprehensive picture of
the immune repertoire against human cancer antigens. This
approach, called SEREX (serological analysis of recombinant
cDNA expression libraries), involves the construction of
cDNA expression libraries from primary or metastatic human
tumors and immunoscreening these libraries with autologous
patient sera (2–4). In this way, two important characteristics of
the cloned tumor products are defined simultaneously: immunogenicity in the autologous host and primary sequence of the
isolated tumor antigen.
In the past 2 years, SEREX has been applied to a range of
tumor types, including melanoma, renal cancer, astrocytoma,
and Hodgkin’s disease (2), esophageal cancer (5), lung cancer
(6, 7), and colon cancer (8). A large number of novel gene
products have been identified, as well as antigens such as
MAGE and tyrosinase that had been identified previously as
tumor antigens recognized by cytotoxic T lymphocytes (2, 9,
10, 11). The current list of SEREX-defined human tumor
antigens fall into several categories, including differentiation
antigens, mutational antigens, overexpressed antigens, and
retroviral antigens (3, 4). Of particular interest is the category
of antigens that we have referred to as cancerytestis (CT)
antigens (4, 5). CT antigens share the following characteristics:

MATERIALS AND METHODS
Cell Lines and Tissues. Established melanoma cell lines
have been described previously (21, 22). Specimens of normal
Abbreviations: CT, cancerytestis; SEREX, serological analysis of
recombinant cDNA expression libraries; RT-PCR, reverse transcription–PCR.
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FIG. 1. RT-PCR analysis of CT antigen expression in the established melanoma cell line SK-MEL-37. SK-MEL-37 showed expression of all CT products tested, i.e., NY-ESO-1, MAGE1, MAGE-2,
MAGE-3, MAGE-4, BAGE, SSX1, SSX2, SSX4, SSX5, and SCP1.
The minor band of lower molecular mass in SSX4 represents an
alternate-spliced variant (18).

and tumor tissues were obtained from the Departments of
Pathology at the New York Hospital–Cornell Medical Center
and Memorial Sloan–Kettering Cancer Center.
RNA Extraction and Construction of cDNA Expression
Library. Total RNA was extracted from cultured cell lines and
from normal and tumor tissues. A cDNA library was constructed from the SK-MEL-37 melanoma cell line in lZAP
Express vector, using a commercial cDNA library kit (Stratagene).
Immunoscreening of the cDNA Library. The cDNA library
was screened with an allogeneic patient’s serum (NW38) at
1:2,000 dilution. This serum has been shown previously to
contain high-titer antibody against MAGE-1 and NY-ESO-1
(19, 20). The screening procedure has been described previously (4). Briefly, the serum was diluted 1:10, preabsorbed with
transfected Escherichia coli lysate, further diluted to 1:2,000,
and incubated overnight at room temperature with the nitrocellulose membranes containing the phage plaques at a density
of 4,000–5,000 pfu per 130-mm plate. After washing, the filters
were incubated with alkaline phosphatase-conjugated goat
anti-human Fcg secondary antibodies and the reactive phage
plaques were visualized by incubating with 5-bromo-4-chloro3-indolyl-phosphate and nitroblue tetrazolium.
Sequence Analysis of the Reactive Clones. The reactive
clones were subcloned, purified, and in vitro excised to pBKCMV plasmid forms (Stratagene). Plasmid DNA was prepared
by using Wizard Miniprep DNA Purification System (Promega). The inserted DNA was evaluated by EcoRI-XbaI
restriction mapping, and clones representing different cDNA
inserts were sequenced. The sequencing reactions were performed by DNA Services at Cornell University (Ithaca, NY)
by using Applied Biosystems PRISM (Perkin–Elmer) auto-

mated sequencers. DNA and amino acid sequences were
compared with sequences in the GenBank and other public
databases by using the BLAST program.
Reverse Transcription (RT)-PCR. To evaluate the mRNA
expression pattern of the cloned cDNA in normal and malignant tissues, gene-specific oligonucleotide primers for PCR
were designed to amplify cDNA segments of 300–600 bp in
length, with the estimated primer melting temperature in the
range of 65–70°C. For evaluation of CT antigen expression in
melanoma cell lines, primers specific for MAGE-1, MAGE-2,
MAGE-3, MAGE-4, BAGE, NY-ESO-1, SSX1, SSX2, SSX4,
SSX5, and SCP1 were prepared, either following previously
used primer sequences (5, 17, 18, 23) or designed based on
published gene sequences (12, 13). All primers were synthesized commercially (Operon Technologies, Alameda, CA).
RT-PCR was performed by using 35 amplification cycles in a
thermal cycler (Perkin–Elmer) at an annealing temperature of
60°C, and the products were analyzed by 1.5% gel electrophoresis and ethidium bromide visualization.
Genomic Southern Blot Analysis. Genomic DNA was extracted from normal human tissue. After restriction enzyme
digestion, the DNA was separated on a 0.7% agarose gel,
blotted onto nitrocellulose filters, and hybridized to a 32Plabeled DNA probe at a high stringency condition (65°C,
aqueous buffer).

RESULTS AND DISCUSSION
SK-MEL-37 Expresses a Wide Array of CT Antigens. A
panel of 12 melanoma cell lines were evaluated for known CT
antigen expression by RT-PCR. Of these, SK-MEL-37 was
found to have the broadest pattern of CT expression, being
positive for MAGE-1, MAGE-2, MAGE-3, MAGE-4, BAGE,
NY-ESO-1, SSX1, SSX2, SSX4, SSX5, and SCP1 (Fig. 1).
SEREX Analysis of SK-MEL-37 cDNA Library with NW38
Serum. An expression cDNA library of 2.3 3 107 primary
clones was established, and immunoscreening was carried out
by using absorbed NW38 serum at a 1:2,000 dilution. Sixty-one
positive clones were identified after screening of 1.5 3 105
clones. These 61 clones were purified, excised in vitro, and
converted to pBK-CMV plasmid forms. cDNA inserts were
analyzed and grouped based on a combined strategy of restriction mapping, DNA sequencing, and DNA–DNA hybridization, and the results are summarized in Table 1. Excluding
the miscellaneous group, which consisted of 10 clones derived
from 9 distinct genes, 4 known and 5 unknown, the remaining
51 clones belonged to 4 distinct groups of tumor products: the
KOC family, the MAGE family, the NY-ESO-1 family, and a
new CT antigen gene, designated CT7. The isolation of four
CT antigen genes—MAGE-4a, NY-ESO-1, LAGE-1, and
CT7—after screening only 1.5 3 105 cDNA clones represents

Table 1. SEREX-defined genes identified by allogeneic screening of SK-MEL-37 cDNA
expression library
Gene group

No. of clones

Comments

KOC
MAGE
NY-ESO-1
CT7
Miscellaneous

33
11
5
2
2
1
1
1
1
1
1
1
1

Derived from three related genes, overexpressed antigen
Predominantly MAGE-4a (see text)
Derived from two related genes (NY-ESO-1, LAGE-1)
New cancer/testis antigen (see text)
S-adenyl homocysteine hydrolase
Glutathione synthetase
Proliferation-associated protein p38-2G4
Phosphoribosyl pyrophosphate synthetase-associated protein 39
Unknown gene, identical to ESTs from pancreas, uterus, etc.
Unknown gene, identical to ESTs from lung, brain, fibroblast, etc.
Unknown gene, identical to ESTs from multiple tissues
Unknown gene, identical to ESTs from pancreas and fetus
Unknown gene, no identical EST sequence, universally expressed

EST, expressed sequence tags.
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a frequency that has not been observed in SEREX analyses to
date. For example, a parallel screening of NW38 serum against
a testicular library yielded only two MAGE-4a clones after
screening of 5.0 3 105 clones, but no other CT-coding clones.
This result provides support for our assumption that melanoma
cell lines such as SK-MEL-37 may well be a better source than
testis for identifying CT cDNA clones.
The KOC Gene Family. The first and by far the predominant
group, consisting of 33 clones, was related to KOC (KHdomain containing gene overexpressed in cancer) gene, a gene
shown to be overexpressed in pancreatic cancer and mapped
to chromosome 7p11.5 (24). Among the 33 clones, 2 were
derived from the KOC gene, whereas the other 31 clones were
derived from two previously unidentified closely related genes,
indicating that KOC belongs to a gene family with at least three
expressed members. The KOC gene contains an ORF of 1740
bp, encoding a protein of 579 aa (Mr 65 kDa). The two other
homologous genes encode proteins slightly different in size,
with 60–70% amino acid homology among the three gene
products. Alternate splicing forms were observed in one of the
two KOC-like genes, but not in the others. In the original study
by Müller-Pillasch et al. (24), Northern blot analysis showed
that the KOC expression was restricted to placenta and was not
found in heart, brain, lung, liver, kidney, pancreas, or skeletal
muscle. By RT-PCR analysis, however, we have observed
significant levels of KOC mRNA expression in testis and in
nontesticular normal tissues, including liver, colon, kidney, and
brain. In this regard, the expression pattern of KOC resembles
the unrelated cytotoxic T lymphocyte-defined antigen
PRAME (25), i.e., restricted expression by Northern blotting
and ubiquitous expression by the more sensitive RT-PCR
assay. A detailed description of these findings regarding KOC
family genes will be reported elsewhere.
The MAGE Family. The second group consisting of 11
clones were derived from genes belonging to the MAGE
family. Sequencing of five representative clones revealed overlapping sequences, all of them derived from the MAGE-4a
gene (ref. 14, GenBank accession no. U10687). The other six
clones showed positive dot blot hybridization to a MAGE-4a
probe derived from the 59 sequences, indicating that they
belonged to the MAGE family (data not shown). Restriction
mapping further suggested that these clones probably were all
derived from MAGE-4a, as they all shared the same EcoRI
site, which is present at the 39 end of the MAGE-4a cDNA
(nucleotide position 10932, GenBank accession no. U10687).
It is of interest that MAGE-4a, but not other MAGE genes,
were isolated in the present study. Although MAGE-1 has
been isolated by SEREX (2), and NW38 serum reacts with
MAGE-1 recombinant protein in vitro (19), MAGE-4a appears to be more frequently detected by SEREX. MAGE-4a
has been isolated from an ovarian cancer library by autologous
screening (3) and also from testicular and SK-MEL-37 libraries
with NW38 serum. In contrast, MAGE-1 has only been
isolated once (2), and the products of other MAGE family
genes have not been detected by SEREX. Although one can
speculate that MAGE-4a mRNA may be more abundant than
other MAGE family genes, the fact that MAGE-4a has been
isolated from cDNA libraries derived from different tissue
sources—testis, ovarian cancer, and a melanoma cell line—
makes this simple explanation unlikely. It is therefore possible
that MAGE-4a is significantly more immunogenic to the
humoral immune system than other MAGE members.
The NY-ESO-1 Family. The third group consisted of five
clones from the NY-ESO-1 family. Two clones were identical
to the NY-ESO-1 gene that we described previously (5). The
other three clones were derived from a second gene of the
NY-ESO-1 family. This gene, sharing 94% nucleotide and 87%
amino acid homology to NY-ESO-1, previously has been
identified by Léthe et al. (26) by using representational difference analysis comparing testicular vs. nontesticular mRNA
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and has been designated as LAGE-1. This NY-ESO-1-related
gene has also been isolated by nucleotide hybridization with a
NY-ESO-1 probe (unpublished data).
Although the LAGE-1 protein shares strong homology to
NY-ESO-1, there has been no direct evidence that LAGE-1 is
immunogenic in tumor-bearing patients. Isolation of LAGE-1
by SEREX in the present study documents that the LAGE-1
product, similar to NY-ESO-1, is recognized by the humoral
immune system. However, because NY-ESO-1 was also identified in this screening, it is still possible that only one of the
two NY-ESO-1 genes was primarily responsible for eliciting the
antibody response in patient NW38, and that the other gene
was isolated as a consequence of antibody cross-reactivity.
The CT7 Gene. The fourth group consists of two clones
derived from a novel gene and this gene has been designated
CT7 (4).¶
Two SEREX-reactive CT7 clones, MNW16b and MNW25c,
were identified. MNW25c contained a cDNA insert of 2,184
bp, 219 bp longer than MNW16b. An ORF of 543 aa was
identified in MNW25c, extending to the 59 end of the cloned
sequence, indicating that this is a partial cDNA clone. To
obtain complete cDNA sequences and to seek related gene
members, a human testicular cDNA library was screened with
probes derived from MNW25c. Eleven positive clones were
identified, and sequencing data from the six longest clones
indicated that they were all derived from the same gene. The
full-length CT7 transcript, excluding poly(A) tail, consists of
4,265 nt, i.e., 286 bp of 59 untranslated region, 550 bp of 39
untranslated region, and a coding region of 3,429 bp (GenBank
accession no. AF056334). The predicted protein, 1,142 residues in length, has a predicted molecular mass of 123,872 Da.
DNA and protein sequence homology analysis indicated
strongest homology with MAGE family genes, MAGE-10 in
particular (13). The region of homology, however, was limited
strictly to the '210 aa stretch at the carboxyl ends of these two
gene products, specifically, amino acids 908-1115 of CT7 and
134–342 of MAGE-10 (GenBank accession no. P43363). Despite the 56% amino acid homology (75% including conservative changes) in this region, no homology was identified 59
to this sequence, with the predicted CT7 protein (1,142 aa
residues) much larger than the MAGE-10 protein (369 residues).
A unique feature of CT7, dissimilar to MAGE or any other
known genes, resides in the 59 region. Examination of the
nucleotide and amino acid sequences in this region revealed a
strikingly repetitive pattern, as illustrated in Fig. 2. The
repeats, although inexact, appear to be rich in serine, proline,
glutamine, and leucine residues, with an almost invariable
(P)QS(P)LQ(I) core. The most consistent repetitive element
is located in the middle of the molecule, where 10 almost-exact
repeats of 35 aa residues were observed. Overall the repetitive
portion of this molecule comprises '70% of the entire sequence, initiating shortly after the translational initiation
codon ('amino acid position 15) and ending shortly before the
MAGE-homologous region. A highly repetitive coding structure previously has been found by us in a gene coding for
CDR34, a cerebellar-degeneration-related 34-kDa protein
that we isolated by antibody screening of a cerebellar library,
with serum from a patient with paraneoplastic cerebellar
degeneration (27). The CDR34 gene contains a highly repetitive element consisting of 34 inexact tandem repeats of 6 aa.
CT7 and CDR34 are structurally unrelated, and the observa¶Because the function of only one CT antigen, SCP1, is known, a

standardized nomenclature for these antigens has not been established. We suggest that new CT antigens be numbered in the order
of their discovery, e.g., CT7 for the seventh CT antigen or antigen
family to be identified. In the case of CT antigens belonging to a
multigene family, each member would be distinguished by a number
after the CT designation, e.g., CT7.1, CT7.2, etc.
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FIG. 3. RT-PCR analysis of CT7 expression in normal tissues.
High-level expression is seen only in testis. Trace amounts of PCR
products were detected in kidney, liver, placenta, and fetal brain. Two
additional bands of lower molecular mass also were seen in fetal brain;
by sequencing, these products were proven to be nonspecific amplification products.

FIG. 2. Predicted amino acid sequence of CT7, illustrating the
repetitive structure encoded by the 59 sequences of this gene. The
sequence has a number of repeating elements, most of them containing
a (P)QS(P)LQ(I) core sequence. The most highly conserved repeating
element consisted of a 35-aa unit that was repeated 10 times in tandem
(amino acid positions 125–475). The carboxyl-end sequence of 208 aa
(908–1115), which is homologous to MAGE-10 gene, is underlined.

tion that they both contain tandem repeats and were both
isolated by antibody screening suggests that molecules with this
tandem-repeat feature may be highly immunogenic to the
humoral immune system.
Restricted CT7 Expression in Normal and Tumor Tissues.
RT-PCR assays were used to evaluate CT7 mRNA expression
in normal tissues, tumor cell lines, and tumor samples. Of 14
normal tissues tested, strong expression was identified only in
testis, and no expression was detected in colon, brain, adrenal,
lung, breast, pancreas, prostate, thymus, or uterus. Trace
amounts of RT-PCR products on ethidium bromide-stained
gels, were seen in liver, kidney, placenta, and fetal brain (Fig.
3). Fetal brain showed three transcripts of different sizes; the
two additional bands of lower molecular weight, however, were
proven to be nonspecific amplification products. The level of
mRNA expression in somatic tissues, estimated from the

intensities of signals, was at least 20- to 50-fold lower than that
in the testis.
Of 12 melanoma cell lines examined, 7 showed strong
expression (NW38, SK-MEL-13, 19, 23, 30, 37, 179), one
showed weak expression (SK-MEL-33), and 4 were negative
(MZ2-MEL-3.1, MZ2-MEL-2.2, SK-MEL-29, SK-MEL-31).
Table 2 summarizes mRNA expression pattern of CT7 in
malignant tumors of various types. Of 70 specimens tested,
CT7 transcripts were detected in 26 of the cases (37%). Similar
to our experience with other CT antigens (ref. 28 and unpublished results), the level of transcript varied substantially
among positive samples, with low-level expression (signal
intensities estimated ,1/10 of the stronger expressers using
two different primer pairs) seen in 12 of the 26 positive
specimens: 2 of 7 positive melanomas, 1 of 3 breast cancers, 1
of 3 lung cancers, 3 of 5 head and neck cancers, 1 of 4
transitional cell carcinomas, 1 of 1 leiomyosarcoma, 2 of 2
synovial sarcomas, and 1 of 1 colon cancer. The overall
frequency of tumors with strong CT7 expression is thus 20%
(14y70) in this group.
Southern Blot Analysis of CT7. Genomic Southern blot
analysis with CT7 probe showed two to four bands in EcoRI,
and HindIII digests, suggesting the possibility of two genes
(Fig. 4). However, sequencing of six testicular cDNA clones
showed identical sequences in overlapping regions, with the
only variation at nucleotide position 360 (GenBank accession
no. AF056334). Of four testicular clones containing this region, this position was adenine in two clones, and guanine in
two other clones. This difference, most likely representing
alleleic polymorphism, also would result in a corresponding
variation in the amino acid sequence, i.e., tyrosine (TAT)
versus cysteine (TGT).
CT7 and MAGE-C1. Using representational difference analysis to identify genes selectively expressed in testis and melaTable 2. CT7 mRNA expression in various human tumors
by RT-PCR
Tumor type

mRNA, positive/total

Melanoma
Breast cancer
Lung cancer
Head/neck cancer
Bladder cancer
Colon cancer
Leimyosarcoma
Synovial sarcoma
Total

7/10
3/10
3/9
5/14
4/9
1/10
1/4
2/4
26/70
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2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

FIG. 4. Southern blot analysis of CT7 gene. Genomic DNA extracted from normal tissues of two individuals were digested with
EcoRI and HindIII and analyzed with a CT7 probe derived from the
MAGE-unrelated 59 sequences. Two bands of similar intensity were
seen in HindIII digests, whereas EcoRI digests showed one strong band
and three weaker bands, indicating that CT7 does not belong to a
multigene family.

noma, Lucas et al. (29) recently defined a gene with .99%
identity to CT7 in coding sequences, which they designated as
MAGE-C1. CT7 sequences differed from MAGE-C1 in having
30 additional nucleotides in the 59 untranslated region, and
also in 14 single nucleotide differences in the coding region,
resulting in 11 corresponding amino acid differences. Ten of 11
different amino acid residues clustered in 2 of 10 35-aa core
repeating units, and CT7 and MAGE-C1 probably represent
different alleles of the same gene. MAGE-C1 has been
mapped to chromosome Xq26 (29) and therefore joins the
other CT-coding genes that also have been mapped to the X
chromosome: MAGE, GAGE, SSX, and NY-ESO-1.

CONCLUSION
As illustrated in this study, the serological screening of cDNA
expression libraries prepared from established human cancer
cell lines (rather than tumor specimens) offers new opportunities for analyzing the repertoire of the humoral immune
response to human cancer. Selection of the appropriate cell
line and the source of serum of course is critical in this
approach, and in the present effort to define additional CT
antigens we focused on a melanoma cell line known to be rich
in CT antigen expression and a human serum known to have
antibodies to at least two CT antigens. This search for new CT
antigens is being extended to other cancer cell lines with a
different profile of CT antigen expression and sera from other
patients with a different serological reactivity pattern to CT
antigens. The development of ELISA methodology for broad
scale screening of human sera for antibodies to known CT
antigens (19) facilitates the identification of patients with
high-titered serological responses to CT antigens.
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Türeci, Ö., Chen, Y.-T., Sahin, U., Güre, A. O., Zwick, C.,
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