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Amplification and overexpression of genes involved in cellular growth control occur frequently in human
tumors. Using a chromosome microdissection-based hybrid-selection strategy, we recently identified two novel
genes (0S-9 and 0S5-4) within 12q13-15, a region frequently amplified in human cancers. We now report
further characterization of the full-length 0S-9 cDNA sequence. This cDNA sequence consists of 2785 bp from
which an open reading frame (ORF) with 667 amino-acid residues was deduced. The predicted polypeptide
was water soluble and acidic. We also demonstrate that the 0S-9 gene encoded a 2.8-kb mRNA transcribed in
all 16 human tissues examined, suggesting that 0S-9 is ubiquitously expressed in human tissues. 0S-9 was co-
amplified with CDK4 in three of five sarcoma tissues. Homology analysis of the amino-acid sequence reveals
significant similarities between 05-9 and two ORFs deduced from genomic sequences in Caenorhabditis elegans
and Saccharomyces cerevisiae. The region of similarity extended over 200 residues (approximately one-third of
each ORF), and eight cysteines were conserved in all three ORFs. These observations suggest that this region
comprises a functional domain present in a novel evolutionarily conserved gene family defined by OS-9.
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INTRODUCTION

In human cancers, gene amplification is a com-
mon mechanism by which increased dosage of a
gene leads to its overexpression. Amplification of
cellular oncogenes has been observed in tumor
cell lines and primary tumor tissues, suggesting
that overexpression of these genes provides tu-
mor cells with a selective growth advantage in
vitro and in vivo.

The human osteosarcoma cell line OsA-Cl [1] con-
tains a homogeneously staining region (hsr) com-
posed of sequences derived from 12q13-15. Several
amplified genes have been mapped within this hsr,
including those for a zinc-finger protein (GLI) [1], a
member of the transmembrane 4 superfamily (SAS)
[2,3], cyclin-dependent kinase 4 (CDK4) [4], a tran-
scription factor (CHOP) [5], and a modulator of p53
(MDM2) [6,7]. Two additional novel genes (0S-9 and
0S-4) were recently identified from this hsr [8]. Be-
cause the OS-9 gene was shown to be amplified in
additional sarcoma specimens, we further character-
ized its cDNA. The 2785-bp full-length cDNA encodes
an open reading frame (ORF) of 667 amino-acid resi-
dues. Northern blot analysis demonstrated 0S-9 ex-
pression in all human tissues examined. Analysis of
the amino-acid sequence revealed a significant simi-
larity with two ORFs deduced from genomic se-
quences of Caenorhabditis elegans [9] and Saccharomyces
cerevisiae [10,11].
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and, as such, is in the public domain in the United States of
America.

MATERIALS AND METHODS
Library Screening and Generation of Plasmid DNA

The generation of the cDNA library (in bactetio-
phage A ZAPII) highly enriched for transcribed se-
quences from the 12q hsr has been previously
described [8]. The library was plated at a density of
628 plaque-forming units per 150-mm petri dish in
Escherichia coli XL1-blue cells. Plaque lifts and hy-
bridizations were performed by standard methods
[12]. A total of 30 plaques was picked after hybrid-
ization with the OS-9 probe and used to excise
pBluescript (Stratagene, La Jolla, CA) plasmids con-
taining OS-9 cDNA inserts according to the
manufacturer’s protocol.

5" ¢cDNA Synthesis and Cloning

Synthesis and amplification of the 5" end of the
0S-9 gene were performed according to published
methods [13,14] with the following modifications.
OsA-Cl was cultured as previously described {8]. To-
tal RNA was isolated by standard methods [15].
Poly(A)" RNA was isolated from the total RNA with
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Abbreviations: ORF, open reading frame; hsr, homogeneously stain-
ing region; CDK4, cyclin-dependent kinase 4; INT-1, integration site-
1, utr, untranslated region; EST, expressed tagged sequence.
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Dynabeads Oligo (dT),s (Dynal, Great Neck, New
York) following the manufacturer’s instructions. The
5" end of the 0S§-9 cDNA was synthesized with avian
myeloma virus reverse transcriptase (CLONTECH,
Palo Alto, CA). Poly(G) was added to the 5” end of
the cDNA with terminal DNA transferase (GIBCO
BRL, Gaithersburg, MD). Both OS-9-specific and 5°-
end primers for the polymerase chain reaction am-
plification of the cDNA contain the sequence (CUA),
at their 5” ends, so the polymerase chain reaction
products were directly cloned into the UDG cloning
vector pAMP10 (GIBCO BRL).

DNA Sequencing and Sequence Analysis

The plasmids containing OS-9 cDNA inserts were
sequenced by automated fluorescence sequencing.
The sequence analysis of eight plasmid inserts de-
rived from our cDNA library generated a consensus
sequence of approximately 2 kb. Using the known
sequence, we synthesized and cloned the 5" end of
the OS-9 cDNA. Five plasmids containing 5”-end
c¢DNA inserts were sequenced and analyzed. Both
strands of all of the above-mentioned plasmids were
sequenced. Thus, the nucleotide sequence of the full-
length OS-9 cDNA was determined from the consen-
sus sequence of both strands of 13 plasmids
containing overlapping cDNA inserts. Multiple se-
quence alignments and consensus determinations
were performed with DNASTAR software (version
1.58; DNASTAR Inc., Madison, WI). The current se-
quence databases were searched by using the
BLASTN, BLASTP, and FASTA programs [16,17].

Northern and Southern Hybridization

The 0S$-9, human B-actin, CDK4, and integration
site-1 (INT-1) probes were described previously [8,18]
and labeled by random priming [19]. Northern and
Southern hybridizations were performed by standard
methods [20]. Filters were washed to a stringency of
0.1 x standard saline citrate at 42°C. The relative in-
tensity of the bands in radiograph was measured
by densitometry and analyzed by using IP Lab Spec-
trum software (Signal Analytics Co., Vienna, VA).

RESULTS
05-9 cDNA Sequence

Figure 1 shows the full-length O5-9 cDNA sequence
and the predicted sequence of the longest ORF. The
2785-bp nucleotide sequence of the cDNA was de-
termined from the consensus sequence of both
strands of a total of 13 plasmids containing overlap-
ping cDNA inserts. The full-length cDNA consisted
of three segments: an 85-bp 5" untranslated region
(UTR), nt 1-85; a 2001-bp coding region, nt 86-2086;
and a 698-bp 3" UTR, nt 2087-2785. This nucleotide
sequence encoded an ORF of 667 amino-acid resi-
dues. The deduced polypeptide consisted of three
parts: an N-terminal hydrophobic sequence (residues

1-31), a cysteine-containing hydrophilic sequence
(residues 32-337), and an acidic region with mul-
tiple predicted hydrophilic helices (residues 338~
667). Eight cysteine residues and a possible nuclear
targeting signal [21,22] within the ORF are also indi-
cated in Figure 1. The calculated molecular weight
of the polypeptide was 75 556 Da, and the estimated
isoelectric point was 4.60. The cDNA contains a 48-
bp nucleotide sequence with 16 GAD trinucleotide
repeats (where D =G, A, or T), which encode an acidic
domain composed of glutamic acid (E) and aspartic
acid (D) (residues 414-429). The 3° UTR was 698 bp
long with a polyadenylation signal 13 bp upstream
from the polyadenylated site.

Homology Analysis

Comparison of the 0S-9 cDNA sequence with the
GenBank database (version 93.0) using the BLASTN
program [16,17] revealed identical matches with 15
partial cDNA sequences (expressed, (ESTs)) derived
from human fetal brain, spleen, liver, sequence tags
and adult liver, ovary, placenta, and a colorectal can-
cer. The GenBank accession numbers of these ESTs
are listed in Figure 1. No significant identity with any
known gene was revealed by using the current
GenBank and European Molecular Biology Laboratory
databases, except for the partial OS-9 sequence, which
we previously submitted. However, comparison of the
0S-9 ORF with these databases by using the BLASTP
program revealed a significant similarity with an ORF
(F48E8.4) deduced from cosmid CELF48E8 mapped to
chromosome III of C. elegans [9] and a somewhat
weaker similarity with an ORF (YD9609.11) predicted
from cosmid 9609 on chromosome IV of S. cerevisiae
[10,11]. BLASTP aligned a 211 amino-acid segment
(residues 62-267 (in brackets in Figure 1)) of OS-9
with F48E8.4 (P = 1.8 x 107"*) and YD9609.11 (P =
1.4 x 107°). Within this homologous region (Figure
2), the identities between 0OS-9 and F48E8.4, 0S-9
and YD9609.11, and F48E8.4 and YD9609.11 were
27.0% (57/211), 19.6% (45/230), and 22.5% (51/227),
respectively, with identity plus similarity being 68.7%
(145/211), 53.0% (122/230), and 60.0% (137/227),
respectively. The most notable feature of this align-
ment is the conservation of eight cysteine residues in
all three ORFs. In addition, the homologous region of
all three proteins was preceded by a hydrophobic leader
peptide. Furthermore, all three ORFs were predicted
to be acidic proteins (pl = 4.31, 4.60, and 5.12 for
YD9609.11, 0S-9, and F48E8.4, respectively).

Northern Hybridization

To evaluate the expression status of OS-9, mem-
branes containing poly(A)* RNA from multiple adult
tissues (CLONTECH) were hybridized with the 0S-9
probe and a control probe (human $-actin) that was
used to normalize RNA loading. The result demon-
strated that OS-9 was transcribed in all 16 human
tissues (Figure 3). It was also noted by densitometry
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Figure 1. The 2785-bp nucleotide sequence of the 05-9 cDNA
with the deduced longest ORF, 667 amino-acid residues (GenBank
accession number U41635). The amino-acid sequence is indicated
under the nucleotide sequence. A hydrophobic “signal” sequence
at the N terminus of the ORF is underlined. The polypeptide
segment (211 residues) in brackets is homologous to an ORF
(FA8E8.4) from C. elegans [9] and an ORF (YD9609.11) from S.
cerevisiae [10,11]. Eight cysteine (C) residues conserved in these
ORFs are shown in bold. The 48 nt of trinucleotide repeat GADs

2785

(D =G, A, or T) encoding an acidic domain is underlined. The
possible nuclear targeting signal is in the shaded box. The aster-
isk indicates the stop codon. The polyadenylation signal AAUAAA
is boxed. “n” represents 49 A residues sequenced. Partial nucle-
otide sequences within the 05-9 cDNA match perfectly with 15
ESTs derived from the Human Genome Project. The GenBank
accession numbers of these ESTs are 1752905, T86580, T48324,
757573, T52904, T07270, T54460, T57526, T86757, M85690,
T69075, T72427, T48323, R31165, and T24754.
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Figure 2. Amino-acid sequence alignment of 0S-9 with an
ORF (F48E8.4) from C. elegans [9] and an ORF (YD9609.11) from
S. cerevisiae [10,11]. The dashes between the residues indicate
gaps to optimize the alignments. The vertical lines indicate iden-
tical residues. The double and single dots between the se-
quences represent high and low similarities of the residues,
respectively. In the consensus sequence, the capital letters indi-
cate identical residues in all three proteins, lowercase letters
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Figure 3. Northern analysis of the 05-9 gene. The OS-9 probe
detected 2.8-kb transcripts in all 16 human tissues. The num-
bers indicate molecular markers (kb). The levels of 0S-9 mRNA
were twofold to threefold higher in heart and pancreas and
twofold lower in spleen and thymus than in the rest of the
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represent residues conserved in two of the three proteins, and
the dots indicate residues different in all three proteins. The
eight conserved cysteine residues are indicated in bold. The
numbers in parentheses indicate the positions of the amino-
acid residues in the corresponding proteins. The protein align-
ment was created with the Lipman-Pearson program in the
DNASTAR software, Version 1.58.
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tissues. The human B-actin probe was used as a control for load-
ing error. The weak and strong bands below B-actin in the lanes
of prostate, colon, heart, and skeletal muscle are isoforms of p-
actin mRNA. s, small; w.b.c., white blood cells; ske, skeletal.
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that similar levels of OS-9 mRNA were detected in
most tissues except that the levels were twofold to
threefold higher in heart and pancreas and twofold
lower in spleen and thymus.

Southern Blot Analysis

To evaluate the OS-9 amplification relative to the
closely linked gene CDK4, which falls within 40 kb of
0S-9 (23], Southern blot analysis was performed for
DNA samples from six different human sarcoma tis-
sues including five previously noted to carry amplifi-
cation of the CDK4 gene [18]. The blot was hybridized
sequentially with probes for 0S-9, CDK4, and finally
INT-1 (a gene that maps proximal to the amplified
sequence) as a control for loading error. The results
(Figure 4) demonstrate that 0S-9 was amplified in three
of five sarcoma tissues with CDK4 amplification. The
relative intensity of each band was measured by den-
sitometry. After normalization relative to INT-1, in
comparison to placental DNA, CDK4 was amplified
more than fivefold in MFH7, LIP2, and MFH20 and
more than threefold in MFH6 and MFH21. OS-9 was
amplified to the same degree as CDK4 in MFH20, LIP2,
and MFH21 but was not amplified in MFH6 or MFH?7.
Neither probe detected amplification in MFH9.

DISCUSSION

We previously identified the 0S-92 gene in the hu-
man osteosarcomna cell line OsA-Cl and demonstrated
that it was amplified and overexpressed relative to
human control tissues [8]. We now characterized the
0S-9 ¢DNA to begin assessing the impact of 0S-9
overexpression on tumor phenotype.

6\0
~ o

& Q{‘\ «*Wq"’ S é’o
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Figure 4. Southern detection of 0S-9 and CDK4 amplifica-
tion in human malignant fibrous histacytoma (MFH) and liposar-
coma (LIP). 0S-9 and CDK4 were coamplified in three of five
tissues (MFH21, LIP2, and MFH20) with CDK4 amplification.
Human placenta and a sarcoma without 12g13-15 amplifica-
tion (MFH 9) are shown for comparison. The clinical character-
istics of these tumor tissues have been described previously [18].
Ten micrograms of the indicated DNA was digested with EcoRl,
size-fractionated on an agarose gel, and transferred to a nylon
membrane for hybridization. The INT-7 probe was used as a
control for loading error.

The conclusion that the 2785-bp nucleotide se-
quence represents the full-length OS-9 ¢cDNA was
supported by Northern analysis, which detected a
message of approximately 2.8 kb in all 16 human
tissues examined and in OsA-Cl [8]. Additionally,
multiple plasmids containing the inserts from 5~
¢DNA synthesis had a common 5" end. The OS-9 ORF
predicted a polypeptide with 667 amino-acid resi-
dues and a calculated pl of 4.60. This polypeptide
contained a short hydrophobic sequence followed
by a long cysteine-containing hydrophilic sequence
and then multiple predicted hydrophilic helices.
Taken together, these data suggest that the OS-9
polypeptide is a water-soluble acidic protein. The hy-
drophobic sequence (31 amino-acid residues) at the
N terminus may act as a signal peptide for mem-
brane insertion. However, the significance of this po-
tential signal sequence as well as the possible nuclear
targeting signal remains indeterminate.

The OS-9 gene appears to encode a novel protein
belonging to a previously uncharacterized evolution-
arily conserved gene family in C. elegans and S.
cerevisiae. Within this gene family, the similarity
between human and C. elegans genes (68.7%) was
greater than that between human and S. cerevisiae
genes (53%), which apparently reflects the greater
evolutionary distance between yeast and humans.
Nevertheless, the exact alignment of the eight cys-
teine residues within the conserved regions in all
three ORFs strongly suggests that these regions could
form similar secondary and tertiary structures that
may be essential to the function of the mature pro-
teins. In addition, OS-9 transcripts were detected in
a variety of human normal tissues, suggesting that
OS-9 probably has an essential cellular function. The
exact alignment of the O0S-9 cDNA sequence with
the 15 ESTs derived from human fetal and adult tis-
sues further verifies its ubiquitous expression.

We previously demonstrated OS-9 co-amplification
with CDK4in OsA-Cl [8]. We now demonstrated the
amplification of O5-9in three of five human sarcoma
tissues with CDK4 amplification. Because the CDK4
protein plays a key role in regulating the transition
from the G, to S phases of the cell cycle by phospho-
rylating the retinoblastoma protein, CDK4 is a likely
primary target driving selection of amplification-
bearing clones. The closely linked gene OS-9 [23] may
be amplified simply by a bystander effect. Alterna-
tively, the co-amplification of 0S-9 and CDK4 in four
of six sarcomas suggests that OS-9 has an oncogenic
role in a subset of sarcomas. In either case, when
amplification of a gene-dense region such as 12q13-
15 occurs, it is important to consider the potential
phenotypic effect of each gene, as many are fre-
quently contained in the amplicon. The informa-
tion presented here should facilitate the functional
study of OS-9 that will be required to evaluate the
potential role of this gene in tumorigenesis. It is also
noteworthy that the presence of homologous genes
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in C. ¢legans and §. cerevisiae opens the possibility
for functional studies of this novel gene family in
these model organisms.
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