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In our efforts to identify immunoreactive antigens
n ovarian cancer, we used the method of immuno-
creening of an ovarian carcinoma cDNA expression
ibrary with ascites fluid from ovarian cancer pa-
ients. Among many positive clones, one was found
o contain partial sequence of a novel gene. By
earching expressed sequence tags (ESTs) and hu-
an genome project databases as well as by screen-

ng other cDNA libraries and by RT-PCR strategies,
e were able to obtain the full-length cDNA se-
uence (1.4 kb) and establish the genomic organiza-
ion of this new gene. We also identified two alter-
atively spliced forms, encoding for slightly
ifferent proteins. The longer form (1.4 kb) is pre-
icted to encode for a 27.6 kDa protein of 245 amino
cids. The shorter form (1.3 kb) encodes for a trun-
ated protein of 20.7 kDa and 208 amino acids. These
roteins are not significantly homologous to any
nown protein in the GenBank database. This gene

s composed of nine exons and eight introns. By flu-
rescence in situ hybridization (FISH), it was
apped to chromosome 4p11. This gene is highly

xpressed in many tissues, including testis, brain,
lacenta, ovary, prostate, and mammary gland. The
igh level expression of the shorter form is re-
tricted to the central nervous system, including
rain, cerebellum, and spinal cord, suggesting that
his form may have a unique function in the central
ervous system. © 2001 Academic Press

Abbreviations used: PBS-T, phosphate-buffered saline with
ween-20; RT-PCR, reverse transcriptase polymerase chain reac-
ion; SSC, saline-sodium citrate buffer; SDS, sodium dodecyl sul-
hate; BAC, bacterial artificial chromosome; DAPI, 49, 6-diamidin-
-phenylindol-dihydrochloride; FITC, fluorescein isothiocyanate;
ISH, fluorescence in situ hybridization; bp, base pair; kDa, kilodal-
on.
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868628. E-mail: ediamandis@mtsinai.on.ca.
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es; ovarian cancer; splice variants; gene cloning;
uorescence in situ hybridization; chromosome
p11.

Cancer is one of the leading causes of death in hu-
ans. In North America, it is estimated that one in

our people will die of cancer. The etiology of cancer is
till not clear. Although some cancers have specific
tiology, in general, it is thought that both genetic
actors and environmental carcinogens contribute to
isease pathogenesis.
In the human body, normal cellular components are

ecognized as “self” and they do not trigger immune
esponses. In cancer, it is now known that certain
ellular components may act as immunogens, thus trig-
ering autoimmune responses. The underlying mecha-
isms may include (a) Failure of self-tolerance of the

mmune system; (b) Aberrant expression of certain cel-
ular components; (c) Expression of mutated protein
orms. The circulating autoantibodies to such antigens
ave potential for cancer diagnosis, monitoring or
rognosis, and for developing therapeutic cancer vac-
ines (1–4).
Autoimmune reactions have been frequently de-

cribed in ovarian cancer. Two proteins have been in-
estigated intensively, CA-125 and p53 (5–12). High
iters of CA-125 and p53 autoantibodies have been
etected in a significant proportion of ovarian cancer
atients.
In this study, we have attempted to identify novel

ellular components that may trigger immune re-
ponses in ovarian cancer patients, by screening an
varian carcinoma cDNA expression library with as-
ites fluid from ovarian cancer patients. Among a few
ther positive clones, encoding for known genes, we
dentified and characterized a novel human gene,
hich resides on chromosome 4p11.
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
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ATERIALS AND METHODS

Immunoscreening of an ovarian carcinoma cDNA expression li-
rary with ascites fluid from ovarian cancer patients. The Uni-ZAP
R premade ovarian carcinoma cDNA expression library was pur-
hased from Stratagene (La Jolla, CA). Ovarian cancer ascites fluids
ere pooled from five different primary ovarian cancer patients. The

DNA library was plated on NZY agar plates at a density of 500
lones/15 cm plate. The plates were incubated at 42°C for 4 h to allow
laques to develop. Nitrocellulose filters soaked with IPTG were then
aid on top of the plaques and incubated at 37°C for 4 h to transfer
he plaques onto the membranes. The filters were blocked with 5%
on-fat dried milk/PBS-T overnight, at 4°C. The PBS-T buffer con-
ained 80 mM sodium orthophosphate, 20 mM sodium dihydrogen
rthophosphate, 100 mM sodium chloride, and 0.1% Tween-20. To
creen the library, the ascites were diluted 1:100 in 5% non-fat dried
ilk/PBS-T. The diluted ascites were first incubated with E. coli

hage lysate (from Stratagene) for 2 h at room temperature to
inimize the cross-reaction between the autoantibodies and the

acterial/phage proteins. Nitrocellulose filters were incubated with
his preabsorbed ascites for 2 h at room temperature, to identify
ellular proteins that react with the autoantibodies in the ascites.
ollowing probing with the ascites, the filters were washed and

urther treated with goat anti-human IgG conjugated with alkaline
hosphatase (Jackson Immunoresearch Laboratories, West Grove,
A) at 1:2000 dilution, in the blocking buffer for 1 h at room tem-
erature, then proceeded to chemiluminescence detection with
ioxetane-based substrate (Diagnostic Products Corporation, Los
ngeles, CA). The plaques exhibiting immunoreactivity were excised

rom the plates and the phages were converted into the pBluescript
hagemid form by in vivo excision with Exassist helper phage fol-
owing the manufacturer’s instructions (Stratagene). The excised
hagemids were purified and subjected to automated DNA sequenc-
ng with M13 forward and reverse primers. The insert sequences

FIG. 2. Northern blot analysis of the novel gene to determine the
ranscript size in various human tissues. The position of the RNA
arker is indicated on the left side of the picture.

orm A, but not in form B. The DNA and the protein sequences
nique to form B are shown in italic and bold letters. Asterisks

ndicate stop codons. For more details, see text.
FIG. 1. Full-length cDNA sequence of the novel gene, alterna-
ively spliced forms, and their open reading frames. The bold se-
uences in the 39 end indicate the polyadenylation signal (AATAAA)
nd the polyA tail. The underlined DNA and protein sequences
enote the sequences which are present in the alternatively spliced
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ere compared to the known sequences in the GenBank database
ith the BLASTN alignment algorithm (13).

Northern blot analysis. The human multiple tissue blot was ob-
ained from OriGene Technologies, Inc. (Rockville, MD). Anti-sense
NA probe labelled with digoxigenin was prepared by in vitro tran-
cription using the T7 RNA polymerase kit (Roche Molecular Sys-
ems, Laval, Quebec, Canada) following the manufacturer’s instruc-
ions. The blot was hybridized with the RNA probe in Ultrahyb
OriGene) hybridization buffer overnight at 68°C, then subsequently
ashed with 2 3 SSC, 0.1% SDS and 0.2 3 SSC, 0.1% SDS at 68°C

or 15 min. To detect the signal, the blot was incubated with alkaline
hosphatase-conjugated anti-digoxigenin antibody (Roche) at 1:2000
ilution for 1 h, then proceeded to chemiluminescence detection with
ioxetane-based substrate.

Human tissue total RNA. Human tissue total RNA was pur-
hased from Clontech Laboratories, Inc. (Palo Alto, CA).

Reverse transcriptase polymerase chain reaction (RT-PCR). Two
icrograms of total RNA was converted to cDNA with Superscript
reamplification Kit (Gibco BRL, Gaithersburg, MD), according to
he manufacturer’s recommendations. The final volume was 20 ml.
he PCR primers are as follows, forward, 59-CTTGCTTGTATCAT-
GGATAC-39; reverse, 59-CCAATTCAACATGCAGATATC-39. PCR
as carried out in a 20 ml reaction mixture, containing 1 ml cDNA, 10
M Tris–HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 mM dNTPs

deoxynucleoside triphosphates), 100 ng primers, and 2.5 units of
otstar Taq DNA polymerase (QIAGEN Inc., Valencia, CA) on a
erkin-Elmer 9600 thermal cycler. The PCR conditions were 94°C

or 15 min to activate the polymerase, following by 30 cycles of 94°C
or 30 s, 58°C for 1 min, 72°C for 1 min and a final extension at 72°C
or 10 min. The PCR products were then separated on a 2.5% agarose
el, stained with ethidium bromide, and visualized under UV light.

Chromosomal localization of the novel gene by fluorescence in situ
ybridization (FISH). A BAC clone (clone identification: 19F13)
ontaining the novel gene of interest was labeled with biotin by nick
ranslation. This BAC clone was identified by screening the human
ale genomic BAC library RPCI-11 with the excised phagemid, as

escribed elsewhere (14). The regional assignment of the BAC clone
as determined by FISH to normal human lymphocyte chromosomes

ounterstained with propidium iodide and 49, 6-diamidin-2-
henylindol-dihydrochloride (DAPI). Biotinylated probe was de-
ected with avidin-fluorescein isothiocyanate (FITC), followed by

FIG. 3. Tissue expression of the novel gene, determined by RT-P
he DNA marker is indicated on the left side of the picture. Note the
ord.
403
iotinylated anti-avidin antibody and avidin-FITC. Images of meta-
hase preparations were captured by a thermoelectrically cooled
harge coupled camera (Photometrics, Tucson, AZ). Separate images
f DAPI banded chromosomes and of FITC targeted chromosomes
ere obtained, pseudo colored blue (DAPI) and yellow (FITC) and
erged electronically using Adobe PhotoshopA 3.0 software. The

and assignment was determined by measuring the fractional chro-
osome length and by analyzing the banding pattern generated by

he DAPI counterstained image.

ESULTS

Identification of a novel ovarian carcinoma immuno-
eactive antigen by immunoscreening of an ovarian car-
inoma cDNA expression library with ovarian cancer
scites. In order to identify cellular proteins that trig-
er immune responses in ovarian cancer, we screened a
ZAP phage ovarian carcinoma cDNA expression li-

rary with ascites from ovarian cancer patients. Posi-
ive clones were excised from the plates and the l ZAP
hages were converted into the phagemid form. The
hagemids were then sequenced with vector-specific
rimers. The identity of the insert sequences was ex-
mined using the BLASTN program and the GenBank
atabases. Using this method, we identified, among
ight other clones encoding for known genes, one im-
unoreactive clone with insert sequence not matching
ith any known gene, suggesting that it encoded for a
ovel gene. The length of this insert sequence was
bout 800 bp. The polyA tail and the polyadenylation
ignal were found in the 39 end of this sequence (Fig. 1).

Identification of the full-length cDNA sequence of the
ovel gene. In order to obtain the full-length cDNA
equence of the novel gene, we searched the GenBank
ST database with the initial 800 bp sequence and

ound a number of matching ESTs. With ESTs
A099273, W44679, and AA332589, we were able to

. The various human tissues are shown on the top of each lane and
rnatively spliced form (lower band) in brain, cerebellum, and spinal
CR
alte
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onstruct a 1.4 kb contiguous sequence (Fig. 1). To
btain more sequence, a testis cDNA library (OriGene
echnologies, Inc.) was screened twice and six clones
ere found to contain this new gene, but when these

lones were sequenced, no more new sequence was
dentified (data not shown).

Determining the transcript size of the novel gene in
uman tissues. To assess the transcript size of the
ovel gene and determine whether the 1.4 kb cDNA
equence obtained full length, we performed Northern
lot analysis. An anti-sense RNA probe was prepared
sing in vitro transcription with the initial excised
hagemid as a template. This RNA probe was then
ybridized to a blot containing 2 mg of polyA RNA. This
ethod detected a distinct band of about 1.4 kb in

ength. No other band was identified (Fig. 2). This
esult suggested that the 1.4 kb cDNA sequence, very
ikely represented the full-length cDNA of the novel
ene.

Tissue specific expression of the novel gene. We in-
estigated the tissue expression pattern of the novel
ene by RT-PCR. As shown in Fig. 3, this gene is highly

FIG. 4. Genomic organization and partial nucleotide sequence o
ower case letters. Exon sequences are in capital and bold letters.
ubmission (pending) for detailed sequence information. For some in
engths are as indicated in base pairs (bp). The SP1, CREB binding
404
xpressed in all tissues tested, except liver, with high-
st expression seen in cardiac and skeletal muscle and
n placenta. Two PCR products were detected on the
garose gel with brain tissues, with approximate
engths of 850 bp and 700 bp. By cloning and sequenc-
ng of these two bands, we verified that the longer band
ad the same sequence as the cDNA sequence we had
lready obtained from the phagemid. The sequence of
he smaller size band revealed that it represented an
lternatively spliced transcript. We named the longer
ranscript as “alternatively spliced form A” and the
horter one as “alternatively spliced form B.” We ob-
erved that only in the brain tissue (fetal and adult),
pinal cord, and cerebellum, the expression of alterna-
ively spliced form B is more predominant than form A,
hereas, in the other tissues, form A is the only form
xpressed (Fig. 3).

The identified transcripts encode for novel proteins.
e identified one open reading frame within the full-

ength cDNA sequence of the novel gene. Alternatively
pliced form A encodes a protein of 245 amino acids
ith molecular mass of 27.6 kDa. Form B encodes for a

e novel gene. The promoter and intron sequences are shown with
ted lines represent sequence that is not shown. See our GenBank
ns, we do not have the full sequence. The intron/exon numbers and
es, and splice junction donor/acceptor sites are underlined.
f th
Dot
tro
sit
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ass of 20.7 kDa (Fig. 1). In order to determine the
dentity of these proteins, we used the BLASTP,
LASTP 1 BEAUTY (http:/www.dot.imgen.bcm.tmc.
du.9331) and BLOCKS protein motif (http:/www.
locks.fhctc.org) programs to search the databases.
ne putative protein submitted by the Drosophila ge-
ome project (GenBank Accession No. AAF46923) was
ound to have 30% identity and 46% similarity at the
mino acid sequence level with these novel proteins.
he function of this protein is still not known. We

ound no other significant homologies with any known
roteins.

Genomic organization of the novel gene. To estab-
ish the genomic organization of the new gene, we
earched the GenBank database with the cDNA se-
uence. Two BAC clones, 19F13 (Accession No.
C011956) and 15P24 (Accession No. AC011977.1)
ere found to contain the majority of the gene se-
uence. By aligning the cDNA sequence with the
ACs, the intron/exon organization of this gene was
stablished. As shown in Fig. 4, this gene consists of
ight introns and nine exons (Exon VI and exon IX
equences were missing from the BACs and we consid-
red them as continuous exons, but the splice sites
ould not be established). Exon I is untranslated.
mong the eight introns, for only three of them, we
ave full-length sequences, including introns I, IV, and
II. For the rest of the introns, we have partial se-
uence. The intron–exon splice junctions are com-
letely conserved, following the rule that the “GT” is in
he splice donor site and the “AG” is in the splice
cceptor site (15). Within the 200 bp region upstream
rom the cDNA start site, although a typical “TATA
ox” was not identified, the sequence in this region
s GC rich, indicating that it may harbor a CpG island.
n addit ion, a consensus SP1 binding site
GGGGCGGGGC” (16) and a CREB binding site
TGAC” (17) were found within this region. These find-
ngs suggest that this region represents the potential
romoter of the novel gene.

Chromosomal localization of the novel gene. To de-
ermine the chromosomal localization of this new gene,
uorescence in situ hybridization was performed using
he BAC clone 19F13 as a probe. The new gene maps to
hromosome 4p11 (Fig. 5).

ISCUSSION

In this study, we used the method of immunoscreen-
ng of an ovarian carcinoma cDNA expression library
ith ovarian cancer ascites fluid to identify cellular

omponents that may trigger immune responses in
varian cancer. We identified one immunoreactive
lone containing the partial sequence of a novel gene.
e cloned the full-length sequence and characterized
405
he cDNA and genomic structure of this new gene. The
ncoded protein has no significant homology to any
ther known proteins with the exception of a Dra-
ophila protein of unknown function.
Whether this gene triggers immune responses in a

ignificant proportion of ovarian cancer patients is cur-
ently unknown. In the expression library used, the
varian cDNA was fused with the LacZ gene, thus, the
roteins expressed are fusion proteins. This type of
xpression libraries has been shown to be suitable for
dentifying immunoreactive antigens and this screen-
ng strategy is widely used (18–22). However, one lim-
tation of this screening method is that the probing
utoantibodies (in our case from cancer ascites) may
ecognize the fusion protein, but not necessarily the
ative protein, due to conformational differences.
There are two alternatively spliced forms of this gene

Figs. 1 and 3). Interestingly, the tissue distribution of
hese two forms is quite different. The longer form A is
xpressed in almost all human tissues tested (Fig. 3).
he shorter form B, is only expressed abundantly in
he central nervous system, including brain, cerebel-

FIG. 5. Chromosomal localization of the novel gene by fluores-
ence in situ hybridization. This gene is localized to chromosome
p11.



lum, and spinal cord. We hypothesize that form B may
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ave a different function than form A, and that this
unction may be unique to the central nervous system.
hus, it will be interesting to examine the possible
tility of the short isoform as a specific biomarker of
he central nervous system.
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