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Cancer兾testis (CT) antigens are immunogenic proteins expressed in
normal gametogenic tissues and in different types of tumors. CT
antigens are promising candidates for cancer immunotherapy, and
the identification of novel CT antigens is a prerequisite for the
development of cancer vaccines. We have identified a CT antigen,
named CTSP-1, with partial similarity to the breast differentiation
antigen NY-BR-1. CTSP-1 presents several splicing and polyadenylation variants and has a very restricted expression pattern among
normal tissues. CTSP-1 is exclusively expressed in normal testis and
is aberrantly expressed in 47.6% (10 of 21) of tumor cell lines and
in 44.4% (75 of 169) of tumors from different histological types.
The highest percentages of positive expression were observed in
melanomas (59.0%) followed by prostate (58.0%) and lung (57.0%)
tumors. CTSP-1 is part of a highly conserved gene family, and
members of this family also have a restricted expression pattern
and similar protein structure. Antibodies against members of this
gene family were detected in 10% (14 of 141) of plasma samples
from patients with a wide spectrum of tumors. The highest percentages of antibody response were observed in patients with
prostate (20.8%), thyroid (20.0%), and breast (16.6%) tumors.
Because of its very restricted expression pattern in normal tissues
and immunogenicity in different types of tumors, CTSP-1 should be
considered a promising candidate for cancer immunotherapy.
immunotherapy 兩 tumor antigen

C

ancer兾testis (CT) antigens are predominantly expressed in
normal gametogenic tissues as well as in different histological types of tumors (1–4). In testis, CT antigens are expressed
exclusively in cells of the germ cell lineage, although there is a
marked variation in the protein expression pattern during different stages of sperm development. Likewise, a heterogeneous
expression is observed in tumors (1, 4). The methylation status
of the promoter region seems to be the main, but not the only,
regulator of their specific expression pattern (1, 3, 4).
Most CT antigens have no defined biological function, but
their involvement in signaling, transcription, translation, and
chromosomal recombination has been proposed (3, 4). It has
also been proposed that the aberrant expression of CT antigens
in tumors recapitulates the germ-line gene expression program,
and that it is related to some characteristics of the neoplastic
phenotype such as immortality, invasiveness, immune evasion,
and metastatic capacity (3, 5).
Because of their restricted expression pattern, CT antigens are
considered ideal targets for cancer immunotherapy (1, 6). Indeed, a small subset of patients immunized with the known CT
antigens MAGE-A and NY-ESO-1 have shown clinical benefits
after immunization (7–10). However, because CT antigens are
expressed in only a small subset of human tumors and in only a
fraction of cases of a given tumor type, the identification of
additional CT antigens is crucial for improving current immunotherapy protocols. Presently, 44 distinct CT-antigen families
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have been described, of which several have multiple members
resulting in a total of 89 transcripts (3).
During the process of identification of genes located on human
chromosome 21 (HC21) (11), we found a gene (C21ORF99) that
was predominantly expressed in testis and had partial similarity
to the 5⬘region of the breast differentiation antigen NY-BR-1
gene (12). In this work, we refined the characterization of
C21ORF99 gene structure and renamed it CTSP-1. We found
that CTSP-1 has a restricted expression pattern in normal tissues
characteristic of CT antigens and is expressed at a high frequency
in tumor cell lines and tumor samples. We also found that
CTSP-1 is part of a highly conserved gene family, and that some
members of this family also have an expression pattern characteristic of CT antigens. Antibodies against members of this gene
family were detected in plasma samples from patients with a
wide spectrum of tumors.
Results and Discussion
CTSP-1 Gene Structure and Polyadenylation Variants. Using the

information generated by alignments between ESTs and the
sequence of the HC21 (11), we identified a gene, named
C21ORF99 (AF427490), which was predominantly expressed in
normal testis and showed partial similarity to the 5⬘ region of the
breast differentiation tumor antigen NY-BR-1 gene (AF269087)
and its paralog NY-BR-1.1 (AF269088), located at chromosomes
10 and 18, respectively (12).
C21ORF99 sequence was obtained by sequencing the full
insert of cDNA clones from which the ESTs aligning to HC21
were derived (11). However, based on the mapping of NY-BR-1
and NY-BR-1.1 to HC21 sequence, we suspected that the initial
sequence obtained for C21ORF99 (derived from cDNA clones
containing both polyA signal and tail) corresponded to a shorter
polyadenylation variant (Fig. 1).
To extend the initial C21ORF99 sequence and verify the
existence of additional polyadenylation variants, we used a
combination of RT-PCR and 3⬘-RACE experiments. First, we
designed two pairs of primers specific for HC21 sequence in
regions that showed high similarity to NY-BR-1 and NY-BR-1.1.
RT-PCR products obtained with these primers were cloned and
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sequenced, and the original C21ORF99 sequence was extended
as illustrated in Fig. 1.
Because the 3⬘ end of NY-BR-1 (from nucleotide 3,199 to
4,458) and NY-BR-1.1 (from nucleotide 3,220 to 3,673) did not
show significant similarity to the HC21 sequence, we have also
performed 3⬘-RACE experiments to generate a full-length
sequence. Two distinct 3⬘-RACE fragments corresponding to
two additional polyadenylation variants were amplified and
sequenced (Fig. 1). All 3⬘-ESTs available in public databases and
corresponding to CTSP-1 are derived from the shortest variant,
suggesting it is the most abundantly expressed variant (data not
shown).
A consensus mRNA sequence of 3,915 bp, organized in 15
exons, was obtained by assembling the C21ORF99 sequence, the
RT-PCR products, and the longest 3⬘-RACE fragment (Fig. 1)
and was named CTSP-1. This sequence is provided as Data Set
1, which is published as supporting information on the PNAS
web site. The alignment between the CTSP-1 consensus sequence and NY-BR-1 nucleotide sequence is not continuous but
presents seven regions of high similarity (average identity of
86.6%) that encompass 1,223 of the 3,915 nucleotides (31%) of
the CTSP-1 sequence.
Careful analysis of the CTSP-1 mRNA consensus sequence
revealed the presence of two transcribed repetitive elements
located within exons 9 (LTR repeat) and 12 (Alu repeat), which
could not be found in the NY-BR-1 and NY-BR-1.1 sequences
(Fig. 1). Because the polyadenylation sites associated with the
shorter polyadenylation variant are contained within the LTR
repeat, it is tempting to speculate that the presence of this
repetitive element within exon 9 is associated with the occurrence of alternative polyadenylation. Supporting this hypothesis,
it has recently been reported that the insertion of retroelements
in the human genome can modulate gene expression by introducing intragenic polyadenylation signals as well as by disrupting
gene structure (13).

Fig. 2. Schematic representation of the exon兾intron structure of the CTSP-1
family members. Complete and partial copies are represented with their corresponding chromosomal location and similarity to HC21 genomic sequence.

genomic sequence, confirmation of this structure will depend on
the generation of expressed sequences covering the full extension of all these genes. ESTs and兾or cDNA clones corresponding
to all these family members can be found in public databases,
suggesting that all of them are transcribed. As for CTSP-1, all
ESTs and cDNA clones corresponding to these family members
represent the first nine exons and are probably derived from the
shorter polyadenylation variant.
In addition to these complete copies, two partial copies
containing the LTR and Alu repeat were identified on chromosome 9. However, their exon–intron structure is slightly different, and exons 6, 8, and 15 are missing when compared with the
complete copies (Fig. 2). Additionally, partial copies covering
⬍58% of the CTSP-1 mRNA length and with a lower similarity
(⬍96%) were found on chromosomes 22, 15, and 10 (Fig. 2), and
they probably result from failed duplication events, as has also
been observed for other CT-gene families, such as SSX. An
extended analysis of the evolution and conservation of this gene
family among primates will be presented elsewhere.
Expression Profile and Alternative Splicing. Because one of the

criteria for identifying CT-antigen genes is their specific expression in tumors, but not in normal tissues except in testis, the
mRNA expression pattern of CTSP-1 was determined by RTPCR. Primers used in the expression analysis were manually
designed to ensure specific amplification, and RT-PCR products
were sequenced to confirm their specificity.
CTSP-1 mRNA expression was first examined in normal testis.
A pair of primers located in exons 3 and 8 was used in RT-PCR
with 40 cycles of amplification. Three predominant fragments of
239, 376, and 402 bp were obtained (Fig. 3A), and the whole
amplification product was cloned without prior gel purification.

CTSP-1 Gene Family. Recent duplication events have been de-

scribed for many CT antigens such as NY-ESO-1 and SSX,
resulting in two or more identical copies with identical coding
sequences (14, 15). To identify additional CTSP family members,
the CTSP-1 consensus sequence was aligned to the human
genome. Three complete copies of highly similar genes were
found on chromosomes 2 (CTSP-2, 98.0% identity), 14 (CTSP-3,
95.4% identity), and 18 (CTSP-4, 98.3% identity). The exon–
intron structure seems highly conserved among these four
members, including the presence of both LTR and Alu repeats,
suggesting they are products of recent gene-duplication events
(Fig. 2). However, because the exon–intron structure for these
loci were predicted based on the alignment of CTSP-1 to the
Parmigiani et al.

Fig. 3. CTSP-1 splicing variants. (A) Southern blot of RT-PCR products amplified with CTSP-1-specific primers. Splicing variants (a– h) are indicated with
arrows. cDNA samples used were as follows: normal testis tissue (lane 1), tumor
cell lines A172 (lane 2), A2058 (lane 3), H1155 (lane 4), breast tumor samples
(lanes 5 and 6), prostate tumor samples (lanes 7 and 8), and no cDNA-negative
control (lane 9). (B) Schematic representation of CTSP-1 splicing variants (a– h).
The coding exons are represented as gray boxes. Primers used in RT-PCR are
represented as arrows, and the size of the putative ORF for each splicing
variant is provided in amino acids (aa).
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Fig. 1. Schematic representation of the strategies used in the generation of
CTSP-1 consensus sequence. NY-BR-1, NY-BR-1.1, and C21ORF99 sequences
were aligned to the genomic sequence of the human chromosome 21 (HC21).
Exons are represented as boxes, and lines correspond to introns. Primers are
represented with arrows, and triangles correspond to polyadenylation signals.
Repetitive elements (LTR and Alu) are also represented.

Table 1. Frequency of mRNA expression of CTSP family members
in tumor samples
Tumor

Fig. 4. CTSP-1 mRNA expression pattern in normal tissues and tumor cell
lines. Southern blot of RT-PCR products amplified with CTSP-1-specific primers. (A) Normal cDNA samples used were as follows. Lanes: 1, testis; 2, lung; 3,
prostate; 4, small intestine; 5, breast; 6, brain; 7, heart; 8, uterus; 9, bone
marrow; 10, placenta; 11, colon; 12, fetal brain; 13, liver; 14, fetal liver; 15,
thymus; 16, salivary gland; 17, spinal cord; 18, kidney; 19, spleen; 20, skeletal
muscle; 21, adrenal gland; and 22, no cDNA-negative control. (B) cDNA
samples from tumor cell lines used were: 1, Caski; 2, HeLa; 3, A172; 4, T98G; 5,
HL-60; 6, K562; 7, H358; 8, H1155; 9, Du145; 10, PC3; 11, SCABER; 12, IM9; 13,
FADu; 14, MCF-7; 15, MDA-MB-436; 16, MDA-MB-231; 17, SW-480; 18, SAOS-2;
19, A2058; 20, SKmel-25; 21, HEPG2; and 22, no cDNA-negative control.
GAPDH amplification was used as positive control for cDNA synthesis.

Clones with different insert sizes were selected for sequencing.
Using this strategy, we were able to identify at least eight splicing
variants in which exons 4, 5, and 7 were alternatively spliced, as
illustrated in Fig. 3B. No alternative splicing variants involving
exons 1, 2, and 9 were observed when RT-PCR analysis was
carried out using primers located on exons 1 and 9.
CTSP-1 mRNA expression was then analyzed in cDNA samples derived from 20 additional normal tissues and 21 tumor cell
lines. To favor the detection of all splicing variants, RT-PCR
products were transferred to nylon membranes and hybridized
with a cDNA probe corresponding to exon 3, which is present in
all splicing variants. Among the 21 normal tissues, CTSP-1
expression was restricted to testis and could also be detected in
47.6% (10 of 21) of all analyzed tumor cell lines (Fig. 4).
Interestingly, although the expression of several splicing variants
was detected in normal testis cDNA, a less complex pattern of
alternative splicing could be visualized in cDNA derived from
tumor cell lines (Fig. 3A). The shortest variant, in which exons
4, 5, and 7 are skipped, appears to be the most abundant and
frequently expressed variant. Although we do not have a biological explanation for such diversity in testis, our results are in
agreement with the general view that a higher proportion of
splicing variants are present in testis, and that alternative splicing
is particularly important in testis development and spermatogenesis (16).
The expression profile of CTSP-1 was then analyzed in 169
tumor samples derived from 10 different histological types of
tumors. Positive expression was detected in 44.4% (75 of 169) of
the samples (Table 1). The highest percentages of positive
expression were observed in melanomas (59.0%) followed by
prostate (58.0%) and lung (57%) tumors. As observed in the
tumor cell lines, the shorter variant was the most abundant and
frequently expressed (data not shown). This expression pattern
is partially in agreement with the classification proposed by
Scanlan et al. (2). In the proposed classification, melanomas and
lung tumors were defined as tissues with higher CT expression;
breast, prostate, and esophagus were classified as having moderate and stomach and colon as having low CT expression.
Gliomas, thyroid, and uterus tumors were not classified in this
analysis due to the insufficient number of samples analyzed.
The expression pattern of the other three family members was
also analyzed by RT-PCR. Primers used in the expression
analysis were manually designed to ensure specific amplification
and RT-PCR products were sequenced to confirm their speci18068 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0608853103

Breast
Colon
Esophagus
Glioblastoma
Lung
Melanoma
Prostate
Stomach
Thyroid
Uterus
Total

CTSP-1 (%)
9兾25
7兾18
2兾5
6兾13
8兾14
10兾17
14兾24
4兾9
7兾24
8兾20
75兾169

(36.0)
(39.0)
(40.0)
(46.0)
(57.0)
(59.0)
(58.0)
(44.0)
(29.0)
(40.0)
(44.4)

CTSP-2 (%)

CTSP-4 (%)

1兾6
(16.5)
0兾14
(0.0)
2兾4
(50.0)
Not done
2兾11
(18.8)
1兾9
(11.0)
8兾17
(47.0)
1兾3
(33.3)
0兾6
(0.0)
4兾14
(28.5)
19兾84
(22.6)

0兾6
(0.0)
0兾14
(0.0)
0兾4
(0.0)
Not done
0兾11
(0.0)
0兾9
(0.0)
0兾17
(0.0)
0兾3
(0.0)
0兾6
(0.0)
0兾14
(0.0)
0兾84
(0.0)

ficity. Although the expression of the other CTSP-1 family
members was also restricted among normal tissues, they were not
frequently expressed in tumor cell lines and tumor samples. This
fact has also been observed for other CT-antigen members of the
MAGE and SSX families (17–19). A positive expression in
normal testis was detected for CTSP-2 and -4, the first also being
expressed in brain, fetal brain, and spinal cord among the 21
normal tissues analyzed (data not shown). Expression of CTSP-2
and -4 was not detected in any of the tumor cell lines (data not
shown), although CTSP-2 expression was detected in tumor
samples at a lower frequency when compared with CTSP-1
(Table 1). CTSP-3 expression was not detected in any of the
samples analyzed. Splicing variants were also detected for
CTSP-2 and -4.
An important element in the induction of CT-antigen gene
expression is promoter demethylation. It has been shown that
demethylation of CT gene promoters with 5-Aza-2⬘deoxycytidine induces antigen expression in cells that do not normally
produce them (20–22). CTSP-1 gene expression was induced in
the MCF-7 breast tumor cell line after treatment with 5-Aza2⬘deoxycytidine, suggesting that methylation indeed plays an
important role in CTSP-1 gene expression regulation (Fig. 7,
which is published as supporting information on the PNAS web
site).
CTSP-1 Protein. The CTSP-1 sequence was translated to amino
acid sequence, and the presence of a stop codon was detected in
exon 4, generating a 115-aa-long putative protein, which is much
shorter than the NY-BR-1 (1,341 aa) and NY-BR-1.1 (1,011 aa)
proteins. The presence of ‘‘premature’’ stop codons was also
detected in all splicing variants, generating small ‘‘truncated’’
proteins of size ranging from 115 to 202 aa (Fig. 3B). Interestingly, the longest ORF was predicted from the shortest splicing
variant (without exons 4, 5, and 7), which is the most frequently
expressed variant in testis, tumor cell lines, and tumor samples
(Fig. 3). Although restricted to the N-terminal region of the
NY-BR-1, protein similarity between the CTSP-1 longest ORF
and the NY-BR-1 protein is high [identities ⫽ 159 of 249 (63%),
positives ⫽ 180 of 249 (72%), and gaps ⫽ 46 of 249 (18%)]. All
other members of the family seem to have ‘‘premature’’ stop
codons as evaluated by aligning the CTSP-1 consensus sequence
to the genomic sequence of chromosomes 2, 14, and 18.
Motif analysis of the amino acid sequence corresponding to
the longest ORF of CTSP-1 identified four tandem ankyrin
repeats (14–47, 48–80, 81–103, and 114–146 aa). However, the
bZIP site and the tandem repetitive elements located at the
C-terminal region of the NY-BR-1 protein could not be found
in the CTSP-1 sequence. A similar protein structure is present in
the other CTSP-1 family members.
The existence of the CTSP-1 protein was confirmed by
Parmigiani et al.

Humoral Response Against CTSP-1 in Cancer Patients. To evaluate the

presence of antibodies against the CTSP proteins in plasma from
cancer patients, we established an immunoblotting assay by using
recombinant his-tagged CTSP-1 (⬇32 kDa). Another his-tagged
unrelated recombinant protein, purified under the same conditions, served as internal negative control.
A total of 141 plasma samples from cancer patients with
different histological types of tumors were used in the immunoblotting assay (Table 2, Fig. 6). Among the 141 plasmas
analyzed, 14 (10.0%) were reactive to the CTSP-1 recombinant
protein. Plasma samples from 50 healthy donors were used as
negative controls. Reactivity against CTSP-1 recombinant protein was detected in only one sample from this control group
(data not shown). Antibodies against CT antigens have been
detected in patients with autoimmune disorders such as lupus

Table 2. Frequency of anti-CTSP-1 antibodies in plasma samples
from cancer patients
Tumor
Breast
Colon
Esophagus
Lung
Melanoma
Prostate
Stomach
Thyroid
Uterus
Total

Antibody response (%)
3兾18
0兾20
0兾4
1兾13
1兾22
5兾24
1兾8
2兾10
1兾22
14兾141

(16.6)
(0.0)
(0.0)
(8.0)
(4.5)
(20.8)
(12.5)
(20.0)
(4.5)
(10.0)

eritrematosus (23) and vitiligo (24) and in men subjected to
vasectomy (25). In addition, we cannot exclude the possibility
that we have identified a not yet diagnosed cancer patient within
the healthy control group.
The highest percentages of antibody response were observed
in patients with prostate (20.8%), thyroid (20.0%), and breast
(16.6%) tumors (Table 2). With the exception of NY-ESO-1,
humoral immune responses to CT antigens are relatively rare,
occurring in ⬍10% of the cancer patients (26–29).
For 121 of the 141 patients included in this study, a correlation
between CTSP-1 mRNA expression and the presence of a
humoral immune response could be analyzed because both RNA
and plasma samples were available (Table 3, which is published
as supporting information on the PNAS web site). A significant
percentage (15.5%) of patients bearing CTSP-1-expressing tumors developed a humoral immune response against the protein.
However, antibodies against CTSP-1 were also detected in 6.3%
of patients with CTSP-1-negative tumors. A possible explanation
for this apparent discrepancy would be the presence of an
immune response against other CTSP family members. The
expression of CTSP-2 and -4 in these CTSP-1-negative tumors
was then assayed by RT-PCR. Of the CTSP-1-negative tumors
analyzed, only one showed expression of CTSP-2, and none of
them showed expression of CTSP-4. We have also analyzed
CTSP-2 and -4 mRNA expression in 84 of the 121 samples from
which the corresponding plasma was available. The small percentage of positive expression of CTSP-2 (22.6%) and CTSP4
(0%) in these samples suggests that the immune response
observed in these patients is likely to be directed to CTSP-1.
Alternative explanations for the discrepancy between CTSP-1
expression and antibody response would be the presence of
tumor heterogeneity not represented in the small tissue fragment
analyzed by RT-PCR; the presence of undetected metastases
expressing CTSP-1 or the clearance of CTSP-1-positive tumor
cells by the immune system.
Concluding Remarks. The identification of genes that are selectively

expressed in tumors and code for proteins inducing a specific

Fig. 5. CTSP-1 protein expression in normal testis and in prostate tissue. (A)
CTSP-1 protein was detected by Western blot in protein extract from normal
testis by using a CTSP-1 polyclonal antibody (1). Preimmune serum (2) and
CTSP-1 polyclonal antibody depleted of anti㛭CTSP-1 Igs (3) were used as
negative controls. Molecular weight markers are indicated (M). (B) Immunohistochemistry staining of CTSP-1 protein using the anti-CTSP-1 polyclonal
antibody normal testis (1), CTSP-1 mRNA-positive prostate tumor (4), normal
adjacent prostate tissue (5), and CTSP-1 mRNA-negative prostate tumor (6).
Normal testis incubated with preimmune sera (2) and CTSP-1 polyclonal
antibody depleted of anti-CTSP-1 Igs (4) were used as negative controls.

Parmigiani et al.

Fig. 6.
Detection of antibodies against CTSP-1 recombinant protein in
plasma samples from cancer patients. A Western blot using CTSP-1 recombinant protein and plasma samples from prostate cancer patients (lanes 1–7) is
shown. An anti-HisTag antibody was used as positive control (lane 8). Molecular weight markers are indicated.
PNAS 兩 November 28, 2006 兩 vol. 103 兩 no. 48 兩 18069
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Western blot by using a mouse polyclonal antibody against the
CTSP-1 recombinant protein. As shown in Fig. 5A, a single band
with the expected molecular mass (⬇23 kDa) was detected in
total protein extracts from normal testis. No higher molecular
mass bands were detected. Preimmune serum and serum raised
against CTSP-1 but depleted of anti-CTSP-1 Igs were used as
controls of serum specificity.
CTSP-1 protein was also analyzed by immunohistochemistry
in normal testis. Again, preimmune serum and serum raised
against CTSP-1 but depleted of anti-CTSP-1 Igs were used as
controls of serum specificity. CTSP-1 exhibited an intense
staining in testis, and the staining was restricted to germ cells.
Among the germ cells, an intense staining was detected in both
the nucleus and the cytoplasm of the cells in later stages of
differentiation, such as spermatocytes and spermatids (Fig. 5B).
It should be noted, however, that spermatogonias were mostly
negative. A similar expression pattern has been observed for
other non-X CT antigens (CT antigens mapped outside chromosome X; ref. 3).
CTSP-1 protein expression was then analyzed in prostate
tissues. Prostate tumor samples, some of them expressing
CTSP-1 mRNA, and normal prostate samples, were analyzed by
IHC-immunohistochemistry. In the CTSP-1 mRNA-positive
prostate tumors, staining was restricted to the tumor cells (Fig.
5B). No reactivity was observed in the CTSP-1 mRNA-negative
prostate tumors, as well as in normal prostate samples, confirming the specificity of the anti-CTSP-1 antibody (Fig. 5B). However, because of the high similarity observed among all family
members, we cannot rule out that the Western blot and immunohistochemistry results represent the accumulated expression
of all CTSP members.

immune response in cancer patients is a prerequisite for the
development of efficient immunotherapeutic approaches to cancer.
Proteins coded by these antigens could be used to develop polyvalent cancer vaccines, overcoming obstacles associated with tumor
heterogeneity and immune escape and increasing the number of
cancer patients eligible for vaccination (30, 31).
We have identified a CT antigen, which is frequently expressed
in different types of tumors and is capable of eliciting a humoral
immune response in cancer patients. Because antibodies detected against CTSP-1 are of the IgG class, the activation of
CD4⫹ T cell response to CTSP-1 could also be present in these
patients. Further experiments are ongoing to test whether the
CTSP-1 protein is able to induce CD4⫹ and CD8⫹ T cell
responses in cancer patients.
Materials and Methods
Generation of CTSP-1 Full-Length Sequence. cDNA sequencing.

C21ORF99 sequence was obtained by sequencing the full insert
of cDNA clones from which the ESTs aligning to HC21 were
derived. cDNA clones (IMAGE 1461135 and 2909444) were
obtained from Research Genetics (Invitrogen, Carlsbad, CA)
and were sequenced directly by using the vector’s primers.
RT-PCR. NY-BR-1 and NY-BR-1.1 sequences were aligned to
HC21 genomic sequence by using the BLASTN program. Primers for RT-PCR were designed based on the HC21 genomic
sequence in regions that showed similarity to NY-BR-1 and
NY-BR-1.1 and that were not covered by the C21ORF99
sequence. RT-PCRs were carried out in 25 l containing 1 l of
first-strand testis cDNA, 1⫻ TaqDNA polymerase buffer (Invitrogen), 0.1 mM dNTP, 2 mM MgCl2, 1 unit of TaqDNA
polymerase (Invitrogen), and 6 pmol of the following primers:
CTSP-F1 (5⬘-CTGA A AGCT TGGTGGA A AG-3⬘) and
CTSP-R1 (5⬘-GTTCCTTCTTCCAAAACTTC-3⬘) or CTSP-F2
(5⬘-AAGACTGAATGAGTGGCAG-3⬘) and CTSP-R2 (5⬘CTGATTCAAATTACTTCTTACAG-3⬘). Amplification conditions were: initial denaturation for 4 min at 94°C followed by
40 cycles of 45 sec at 94°C, 45 sec at 58°C, and 1 min at 72°C. PCR
products were analyzed on 8% silver-stained polyacrylamide gels
and cloned for sequencing.
RACE. 3⬘-RACE was performed on normal testis poly(A)⫹ RNA
by using the Marathon cDNA Amplification Kit (Clontech,
Mountain View, CA). Amplification reactions were performed
in 25 l by using 5 l of cDNA, 0.2 mM dNTPs, 0.2 M
CTSP-1-specific primer (SP-RACE, 5⬘-CCATGGCTCACACCTGTAATCTCATCAC-3⬘), 0.2 M adaptor primers, 1 unit of
Advantage TaqDNA polymerase. PCR conditions were: 1 min at
94°C followed by 5 cycles of 5 sec at 94°C and 4 min at 70°C, 5
cycles of 5 sec at 94°C and 4 min at 68°C, and 25 cycles of 5 sec
at 94°C, 30 sec at 65°C with a final extension step of 4 min at 68°C.
Nested PCR was carried out by using 1 l of the first reaction
product and the following primers: SP-R ACE3N (5⬘GA A A A AGT TAGA AGTGA AGCA ACT TGAG-3⬘) and
nested adaptor primers. PCR products were cloned and sequenced as described above.
Computational Analysis. The CTSP-1 consensus sequence was
obtained by assembling the C21ORF99 sequence the two RTPCR fragments and 3⬘-RACE fragments using Phred兾Phrap兾
Consed (32). Repetitive elements along the CTSP-1 sequence
were identified with RepeatMasker (A. F. A. Smit, R. Hubley,
and P. Green, RepeatMasker, http:兾兾repeatmasker.org). CTSP
family members and partial copies were identified by aligning
CTSP-1 consensus sequence against the human genome (Mar
2006) using BLAT (33). Consensus sequences including all
predicted exons were translated in all six reading frames and
putative proteins were aligned by using ClustalW (34). Protein
motif searches were performed with PROSITE (35) and Pfam
databases (36).
18070 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0608853103

Expression Analysis Samples. Human tumor cell lines A172 and

T98G (glioblastoma); FaDu (squamous cell carcinoma); SW480
(colorectal adenocarcinoma); Skmel-28 and A2058 (malignant
melanoma); DU145 and PC3 (prostate carcinoma); HeLa and
CasKi (cervix adenocarcinoma); MDA-MB-231, MCF-7, and
MDA-MB-436 (breast ductal carcinoma); IM9 (B transformed
lymphoblasts); HL60 and K562 (lymphocytes); Help G2 (hepatocarcinoma); H1155 and H358 (lung carcinoma); SCABER (urinary
bladder carcinoma); and SAOS-2 (osteosarcoma) were obtained
from American Type Culture Collection (Manassas, VA). Tumor
samples were collected from patients treated at Hospital A. C.
Camargo. All samples were collected after explicit informed consent and with local ethical committee approval. Total RNA derived
from 21 normal human tissues (testis, lung, prostate, small intestine,
breast, brain, heart, uterus, bone marrow, placenta, colon, fetal
brain, liver, fetal liver, thymus, salivary gland, spinal cord, kidney,
spleen, skeletal muscle, and adrenal gland) was purchased from
Clontech (Mountain View, CA).
RNA extraction, cDNA synthesis, and RT-PCR. Total RNA was extracted
by the conventional CsCl-guanidine thiocyanate method (37).
RNA samples were checked for integrity by agarose gel electrophoresis, and 2 g was used for cDNA synthesis. Reverse
transcription was performed with DNA-free RNA by using
SUPERSCRIPT II Reverse Transcriptase (Invitrogen) and oligo(dT). Primers used for expression analysis of CTSP-1, -2, -3,
and -4 were CT1F (5⬘-GCTGTCCATTATGCTGTTAAC-3⬘),
CT1R (5⬘-TTTTGAGAATTTTTAGATATC-3⬘), CT2F (5⬘CCTGTGGTGCAGACATCG-3⬘), CT2R (5⬘-ATTCCAAAA
GTTGTTGATGAAC-3⬘), CT3F (5⬘-CTGTCCATTATGCTGT T TATG-3⬘), CT3R (5⬘-A AT T T T TAGATATCT T T T
GTTTG-3⬘), CT4F (5⬘-TGCTGATCCAAATATTGTAGG-3⬘),
and CT4R (5⬘-CATTTAAACTTATCAACTGCAA-3⬘). PCR
fragments were analyzed either on agarose gels followed by
Southern blot analysis or on 8% silver-stained polyacrylamide
gels. PCR fragments were cloned and sequenced as mentioned
above to confirm their specificity.
5-aza 2ⴕdeoxycytidine treatment. MCF-7 breast tumor cell line was
treated with 30 M 5-Aza 2⬘deoxycytidine for 48 h. After
treatment, the cells were harvested and used for RNA extraction
and cDNA synthesis as described above. RT-PCR amplifications
were carried out by using the same CTSP-1 primers as for gene
expression analysis.
CTSP-1 Protein Detection. CTSP-1 recombinant protein. CTSP-1 long-

est ORF (202 amino acids) was amplified from normal testis
cDNA by using the following primers: CTSP1RecF (5⬘-CGGGATCCATGAAGA AGACGACAATG-3⬘) and CTSP-1 RecR
(5⬘-CGGAATTCCTATTCGTCAGGTGTTCT-3⬘). The PCR
product was digested with BamHI and EcoRI and cloned into
the expression vector pET28a (Stratagene, La Jolla, CA). After
sequencing, the recombinant plasmid pET28a兾CTSP-1 was
transformed into Escherichia coli BL-21 A494. After induction
with 1 mM isopropyl ␤-D-thiogalactoside at 37°C for 4 h, the
CTSP-1 recombinant protein fused with a 6His-tag (⬇32 kDa)
was purified by Ni2⫹ affinity chromatography by using the
NiNTA agarose resin (Invitrogen). The purified protein was
analyzed by Western blot by using an anti-His-tag monoclonal
antibody (Amersham Biosciences, Piscataway, NJ) to confirm
the purification specificity.
CTSP-1 polyclonal antibody. C57 mice (3-month-old females) were
immunized s.c. with 25 g of CTSP-1 recombinant protein by
using Freund’s Complete Adjuvant (Sigma, St. Louis, MO) and
Mg(OH)2. Three weeks later, the mice were boosted with an s.c.
injection of 25 g of the recombinant protein by using Freund’s
Incomplete Adjuvant, and a final boost was repeated 3 weeks
later. Two weeks after the final boost, the sera were collected and
analyzed by ELISA to determine antibody titer. Mouse serum
raised against CTSP-1 but depleted of anti-CTSP-1 Ig was used
Parmigiani et al.

alcohol and xylene, and mounted with coverslips by using a
permanent mounting medium.
Antibody Response in Cancer Patients. Plasmas were obtained from

patients treated at Hospital A. C. Camargo. All samples were
collected after explicit informed consent and with local ethical
committee approval. In addition, plasma samples from 50 healthy
individuals were collected from blood donors at the Hospital A. C.
Camargo Blood Center. Antibodies against CTSP-1 recombinant
protein were detected by Western blot. Five hundred nanograms of
purified CTSP-1 recombinant protein (⬇32 kDa) were fractioned
on 12% SDS兾PAGE and transferred to Hybond-P PVDF membranes. After blocking with PBS solution containing 5% low-fat
milk, membranes were incubated for 90 min at room temperature
with plasma from healthy individuals or cancer patients at a 1:500
dilution. Plasma antibodies binding to CTSP-1 protein were detected by incubation with goat anti-human IgG HRP conjugate
(Amersham Biosciences) and visualized with ECL Western Blotting Detection Reagents.

fixed with buffered formalin and embedded in paraffin. Briefly,
sections were heated at 60°C for 20 min, deparaffinized in xylene,
followed by a graded series of alcohols (100–75%), and rehydrated
in water. Slides were placed three times in 3% hydrogen peroxide
for 5 min and washed in water rinses for 5 min before incubation
for 24 h with the primary antibody diluted 1:100. Slides were washed
in PBS and incubated with biotinylated goat anti-rabbit IgG for 20
min and then with the streptavidin–biotin peroxidase LSAB kit
(Dako, Carpenteria, CA). Immunostaining was performed by
incubating slides in diaminobenzidine (Dako) solution containing 1
l of chromogen for 50 l of buffer substrate during 5 min. After
chromogen development, slides were washed, dehydrated with
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Immunohistochemistry. Normal testis and prostate specimens were
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as a control of serum specificity. For depletion, 100 g of the
His-tagged CTSP-1 recombinant protein diluted in PBS was
immobilized on Ni-NTA agarose beads (Qiagen, Valencia, CA)
for 3 h at room temperature. Beads were then incubated for 16 h
at 4°C with mouse serum raised against CTSP-1. Depleted serum
was recovered from beads by centrifugation at 500 ⫻ g for 10 min
and used in Western blot (1:1,000 dilution) and IHC (1:10
dilution) experiments.
Western blot. Normal testis tissue was homogenized in sample
buffer (240 mM Tris, pH 6.8兾0.8% SDS兾200 mM 2-mercaptoetanol兾40% glycerol兾0.2% bromophenol blue). A total of 100
g of the lysate was loaded on 12% SDS兾PAGE gels and after
fractionation transferred to Hybond-P PVDF membranes (Amersham Biosciences). After blocking with PBS solution containing 5% low-fat milk, membranes were incubated with sera at a
1:10,000 dilution for 1 h at room temperature. Anti-CTSP-1
antibodies were detected by rabbit anti-mouse IgG HRP conjugate (Amersham Biosciences) and visualized with ECL Western Blotting Detection Reagents (Amersham Biosciences).

