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ABSTRACT

An improved cDNA selection method was established to isolate ex
pressed genes efficiently from an amplified chromosome region in human

cancer. Biotinylated yeast artificial chromosome DNA containing
c-ERBB-2 was hybridized in solution with PCR-amplifiable cDNAs of an
esophageal cancer cell line bearing the c-ERBB-2 amplification. After
capturing the hybrids on avidin-coated magnetic beads, the cDNAs were
amplified by PCR. Four new genes (A39, C51, CABJ, and GRB-7) coam
plified with c-ERBB-2 were isolated from the enriched cDNA library.

CABJ, GRB-7, and c-ERBB.2 were overexpressed in gastric and esopha
geal cancer cells in correspondence with the amplification. The deduced
amino acid sequence of the CABJ gene had significant homology to the
recently discovered steroidogenic acute regulatory protein, StAR, which

plays an essential role in cholesterol transport to mitochondria. It was
established that multiple overexpressed genes are frequently present in a
singleamplicon.

INTRODUCTION

Amplification of proto-oncogenes is one of the characteristics in
cancer. We previously isolated HSTI as a transforming gene located
at about 35 kb apart from the JNT2 gene on chromosome 11q13 (1â€”3)
and reported their coamplification in about 40% of esophageal cancers
(4). However, neither HSTJ nor INT2 were expressed, even in esoph
ageal cancer with I 1q13 amplicon. Further investigations allowed us
to isolate three expressed genes, cyclin Dl (5, 6), EXPJ (7), and MB38
(8), located in the 11q13 amplicon by cosmid walking or exon
trapping. To demonstrate that there are multiple actively transcribing
genes in a single amplicon as a common characteristic of amplicons in
cancer, we searched for genes on the I7q1 2 amplicon containing the
c-ERBB-2 gene. To efficiently obtain cDNAs corresponding to the
genes present on a clone containing genomic DNA, we first improved
the method of eDNA selection by capturing hybrids of the biotin
ylated genomic DNAs with PCR-amplifiable cDNAs on streptavidin
coated magnetic beads in solution (9, 10). By this method, five genes
including c-ERBB-2 were isolated from a 500-kb YAC3 clone con
taming the c-ERBB-2 gene, which is amplified in various types of

human cancer including gastric cancer. These five genes were ampli
fled in an esophageal cancer cell line, TE 6. One of them was
recognized as the human counterpart of murine Grb-7 (11, 12). The
GRB7 gene and another newly identified gene, CAB], were overex

Received 1/31/97; accepted 6/18/97.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

I This work was supported in part by a Grant-in-Aid for the Second Comprehensive

10-Year Strategy for Cancer Control from the Ministry of Health and Welfare of Japan;
by Grants-in-Aid from the Ministry of Health and Welfare of Japan and from the Ministry
of Education, Science, Sports and Culture of Japan; by the Bristol-Myers Squibb Foun
dation; and by the Research Foundation for Cancer and Cardiovascular Diseases, Osaka,
Japan. N. A., T. I., and T. K. are recipients of Research Resident Fellowships from the
Foundation for Promotion of Cancer Research.

2 To whom requests for reprints should be addressed.

3 The abbreviations used are: YAC, yeast artificial chromosome; StAR, steroidogenic

acute regulatory; poly(A)@ RNA, polyadenylated RNA; RT-PCR, reverse transcription
PCR; HAP, hydroxyapatite.

pressed in concordance with the amplification in gastric and esopha
geab cancer cell lines. CAB] had significant homology to the gene of
the steroidogenic acute regulatory protein, StAR, which is involved in
cholesterol transport to mitochondria (13â€”15).

MATERIALS AND METHODS

Cell Lines. Human esophageal cancer cell lines, TE 2, TE 6, and TE 11
(16, 17), and human gastric cancer cell lines, KATO III (18) and MKN-7 (19),
were maintained in RPM! 1640 supplemented with 10% FCS, 0.15% sodium
bicarbonate, 2 mistL-gbutamine,and penicillin-streptomycin.

Probes. The probe for c-ERBB-2 was prepared from pCERNH7, which is
a full-length eDNA clone (20). The 3' portion of the murine Grb-7 gene was
amplified from 1 @.tgof murine liver poly(A)@RNA by RT-PCR with the
Grb-7-specific primers and was used as a probe after confirmation of the
sequence. The sequences of the Grb-7-specific primers were: 5'-AAGCTG

TATGGGATGCCC-3' and 5'-GCTGCAGCAGGTCTGTGAAAC-3'.

Preparation of Biotinylated YAC DNA. A 500-kb YAC clone containing
the c-ERBB-2gene was isolated from a YAC library. After propagation of the
host yeast cells, the whole yeast DNA including the YAC DNA was extracted,
partially digested with Sau3AI, and inserted into AEMBL3vector. Screening
the AEMBL3 library with Cot-l human DNA fraction (Life Technologies,

Inc.), 99 positive clones were isolated. The average length of insert DNAs was
estimated as approximately 15 kb. The total length of the insert of the clones

was calculated to be about 1500 kb, which covers 3-fold longer DNA se
quences than the insert size of the original YAC clone. Total phage DNA

containing human DNA sequences including the c-ERBB-2 gene was extracted
and was completely digested with Sau3AI. Five @gof the digested phage DNA
were added to a final 50 pi of reaction mixture containing 50 mistTris-HCI (pH
7.5), 10mMMgSO4,0.1 mr@sDTT, 120 ,.tMbiotin-Il-dUTP (Enzo Diagnostics,
Inc., Farmingdale, NY), 200 ,.tM(each) dATP, dCTP, and dGTP, and 8 units
of Klenow fragment. The mixture was incubated at 25Â°Cfor 1 h, followed by
the inactivation of the Klenow fragment at 70Â°Cfor 10 mm, and purified
through a Sephadex G-50 column.

Construction of cDNA Library and Amplifiable cDNAs. Total RNA of
TE 6 cells was extracted with guanidine thiocyanate followed by ultracentri
fuge in cesium chloride solution. Poly(A)@ RNA was selected by oligo(dT)

cellulose. Both cDNAs primed with oligo(dT) primer and random hexamer

were synthesized from 10 @.tgof the poly(A)4@ RNA by eDNA synthesis system

plus (Amersham Corp.). The eDNA was ligated with EcoRI-NotI-BamHI

adapter (Takara, Kyoto, Japan) followed by phosphorylating the 5' end. The

oligo(dT)-primed eDNA with sizes between 0.5 kb and 10 kb was size
fractionated by agarose gel electrophoresis and inserted into Agtlo vector.

Random-hexamer primed eDNA was digested with BamHI, ligated with F-J
adapter, and amplified by PCR with F-oligomer. F-J adapter was prepared by
annealing between F-oligomer and J-oligomer. The sequences of the oligomers
were: 5'-GGAATftAACAGCTATGACCATGTCCAACG-3' for F-oligomer
and 5'-GATCCGTFGGACATGGTCATAGCTG1TGAATI'CC-3' for J-oli
gomer.

cDNA Selection. One @gof biotinylated phage DNA was mixed with the
random hexamer-primed TE 6 eDNA in a total of 20 @lof ENE buffer [10 miss
N-(2-hydroxyethyl)-piperazin-N'-(3-propane sulfonic acid), (pH 8.3), 5 mM
EDTA (pH 8.0), and 0.5 MNaClJ with the overlaying of one drop of mineral
oil. The mixture was heated at 100Â°C for 7 mm and was immediately trans

ferred to incubation at 65Â°Cfor 36 h. The mixture was combined with 30 @l
ofTE [10 mM Tris-HC1 (pH 7.4), 1 miss EDTA (pH 8.0)] solution, added to 200

pi of 0.12 M phosphate buffer (pH 7.4) after removal of the mineral oil, and
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incubated at 65Â°Cfor 15mm. Two hundred fifty @lof HAP suspension in 0.12
M phosphate buffer (pH 7.4) was added to the mixture and further incubated at

65Â°Cfor 20 mm. After removal of the supernatant by centrifuge, the precip
itated HAP was washed with 250 @1of prewarmed 0.12 Mphosphate buffer.
The precipitant was resuspended with 250 p.1of 0.5 Mphosphate buffer (pH
7.4), incubated at 65Â°C for 20 mm, and centrifuged (21). The supematant,

containing double-stranded DNA, was purified by ultrafiltration and resus
pended in 50 @.dof TE solution. To prevent PCR-amplifiable cDNA from
nonspecific attachment to the beads, 10 @lof avidin-coated magnetic bead
suspension (Dynabeads M-280; Dynal AS., Oslo, Norway) was mixed with

100 .tg of sonicated salmon testis DNA at room temperature for 30 mm. Ten
;.L1of the double-stranded DNA fraction were added to preblocked magnetic
beads, the supernatant of which was removed by magnetic concentrator (Dynal
AS.), and incubated at room temperature for 30 mm. The beads were separated
from the solution by magnet, washed five times with 100 @.dof 0.1 X SSC
(I X SSC is 150 mM sodium chloride and 15 mM sodium citrate)/0.l% SDS

solution and three times with 100 @lof TE solution, and resuspended in a total
of 50 @.dof PCR mixture containing 10 mMTris-HCI (pH 8.3), 50 mMKCI, 3
mM MgCl2, 0.001% gelatin, 20 @g/ml of F-oligomer, I miss (each) dATP,

dCTP, dGTP, and dTTP, and 5 units of Taq DNA polymerase. The cycling
condition was 25 cycles of 1 mm at 94Â°C,2 mm at 55Â°C,and 3 mm at 72â€•C.

The last cycle had an additional extension at 72Â°Cfor 10 mm.
Construction of the Enriched eDNA Library and Screening. After two

cycles of the hybrid selection, the PCR product was size-fractionated by
agarose gel electrophoresis. The cDNA fragments larger than 500 bp were
recovered from the gel by a GENECLEAN II kit (BlO 101, Inc., La Jolla, CA).
The cDNA was digested with EcoRI and cloned into EcoRI-cleaved and
dephosphorylated AZAPII vector. pBbuescriptphagemid was in vivo excised
from AZAPII by the ExAssistJSOLR system (Stratagene) and was subject to
subsequent screening.

Southern Blot Analysis and Northern Blot Analysis. DNA was extracted
by the conventional method. Ten @igof EcoRI-digested DNA were loaded onto
1% agarose gel, blotted onto nylon membrane filter, and hybridized with a
radiolabeled probe at 42Â°Cin the presence of 50% formamide for about 12 h.
The filter was three times washed in 0.1X SSC/0.l% SDS at 65Â°Cand exposed
to X-ray film at â€”70Â°C.Probes were labeled with [a-32P]dCTP by random
hexanucleotides primer. Total RNAs of TE 2, â€˜FE6, TE 11, KATO III, and
MKN-7 cells were extracted by Isogen (Nippongene, Toyama, Japan). Twenty
l.Lg of total RNA and 2 @gof poly(Ai@ RNA were electrophoresed in 1%

denaturing agarose gel, blotted onto nitrocellulose membrane filter in 20X
SSC, and hybridized with a radiolabeled probe at 42Â°Cin the presence of 50%
formamide for about 12 h. The filter was washed twice in 0.1 X SSC/0.I% SDS
at 65Â°C.

Cloning of the Full-Length cDNA Clones of 823. The oligo(dT)-primed
cDNA library inserted into AgtlOvector was screened with B23 cDNA probes

Fig. I. Southern blot hybridization of c-ERBB-2
and PCR amplification of the captured cDNAs. A,
the amountsof the biotinylatedYAC DNAand
cDNA used in the first cycle of hybridization are
indicated at the top. B, I @sgof the biotinylated
YAC DNA was hybridized with each PCR product
of the first cycle. The amount and the origin of the
cDNAusedin thesecondcycleareindicatedat the
top. Ten % of each reaction mixture after PCR was
gel electrophoresed (lower panel), blotted on a
nylon membrane, and hybridized with c-ERBB-2
(upperpanefl. The rightmost lane and leftmost lane
contain the PCR product of the original cDNA
library, represented as On, and a commercial size
marker (Life Technologies, Inc.), respectively.

by plaque hybridization. The insert DNAs of the full-length clones of B23 were
cleaved from the vector by EcoRI-digestion, size-fractionated by agarose gel
electrophoresis, purified by SpinBind DNA extraction unit (FMC BioProducts,

Rockland, ME), and ligated into EcoRI site of pUC1 8 vector. Escherichia co/i
DH5a (GIBCO-BRL) cells were transformed by the ligation mixture. The
plasmid was extracted by the alkaline-SDS method and purified by ultracen
trifuge in a cesium chloride solution.

Sequencing Analysis. Sequenase 7-deaza-dGTP kit (United States Bio
chemical Corp.) and Sequenase-labeled dCTP kit (United States Biochemical

Corp.) were used for sequencing the A39 and B23 clones. The other clones
were sequenced by Applied Biosystems 370A DNA sequencer.

RESULTS

Construction of the Enriched cDNA Library. The 500-kb YAC
DNA fragment containing the c-ERBB-2 gene was subcloned into
AEMBL3 vector. Ninety-nine clones containing human repetitive
sequences were collected into one A-phage library. The total phage
DNA was digested with Sau3AI and biotinylated. In the first cycle,
one @gof the biotinylated YAC DNA was hybridized in solution with
either 1, 0.1, or 0.01 p.g of the random hexamer-primed TE 6 cDNA.
Double-stranded DNA was selected by HAP column chromatography.

The cDNAs hybridized to the biotinylated YAC DNA fragments were
captured on avidin-coated magnetic beads and amplified by PCR. The
amount of the PCR products increased in proportion to the amount of
the cDNA used in the hybridization (Fig. IA), and the signal for
c-ERBB-2 was increased in correspondence with the amount of the
PCR products revealed by ethidium bromide staining (Fig. IA). For
the second cycle, 1 ;ig of the biotinylated YAC DNA was hybridized
with either 100 or 10 ng of each PCR product of the first cycle. The
amount of the PCR products and the signal of c-ERBB-2 were nearly
the same level among the lanes (Fig. lB). When compared with the
lane containing the original cDNA library, it is obvious that c-ERBB-2
was highly enriched after two cycles of the procedure.

Screening of cDNA Clones Amplified in TE 6 Cells. The en
riched cDNA library was constructed into AZAPII vector after two
cycles of the present cDNA selection: 1 p@gof the cDNA used in the
first cycle, and 100 ng used in the second cycle. pBluescript phagemid
was excised and transfected to competent E. coli, SOLR. Three
hundred colonies were arbitrarily selected. Screening with Cot- I
human DNA fraction revealed that 23% of the colonies contained
repetitive sequences. After elimination of such clones, the remaining
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ISOLATION OF GENES FROM ThE c-ERBB-2 AMPLICON

A39 B23 B47 C51 c-ERBB-2
Fig. 2. Southern blot analysis of newly isolated

cDNA clones coamplified with c-ERBB-2. Lanes
1â€”3contain DNA from TE 2, TE 6, and TE 11
cells, respectively. The filters were hybridized with
the A39, B23, and B47 cDNAs and c-ERBB-2. The
filter hybridized with c-ERBB-2 was stripped and
rehybridized with /3-actin. Sizes of the EcoRI frag
ments were estimated by coelectrophoresis of I-kb
DNA Ladder (Life Technologies, Inc.).

clones were directly amplified from each colony by PCR. About
one-half of these colonies contained insert DNAs, which were hybrid
ized with Sau3AI-digested YAC DNA. Thirty-one YAC-positive
clones were isolated, and screening with c-ERBB-2 revealed that there
were six c-ERBB-2-positive clones. The enrichment rate was esti
mated to be about 240-fold for c-ERBB-2 cDNA. By Southern blot
analysis, 20 clones of these remaining 27 clones were observed to be
coamplifled with c-ERBB-2 in TB 6 cells. Cross-hybridization anal
ysis of these 20 clones (data not shown) and Southern blot analysis of

TE 2, TE 6, and TE 11 DNAs demonstrated that these 20 clones could
be classified into four types. These representative four cDNA clones
(A39, B23, B47, and CS]) were hybridized with EcoRI-digested TE 2,
TE 6, and TB 11 DNA fragments of different sizes (Fig. 2).

Sequence Analyses of the B47 Clone and the Full-Length cDNA
of the B23 Clone. Northern blot analysis demonstrated that the
mRNA levels of B23 and B47 were elevated in TE 6 cells (Fig. 3); in
contrast, those of A39 and CS] were undetectable (data not shown).
Zoo blot analysis revealed that the B23 sequence is conserved among
human, bovine, rat, and chicken (data not shown). The full-length
clone of B23 was isolated from the oligo(dT)-primed cDNA library of
TE 6 and sequenced and found to consist of 2026 bp, encoding a
polypeptide with 445 amino acid residues (Fig. 4). Thus, B23 was
designated as CAB] (a gene co-@mplifled with c-ERB@-2).

Searching with GenBank, we found that the nucleotide sequence of
CAB] was identical to the MLN64 gene (22) and was 93% homolo

gous to the murine counterpart of MLN64, es64 (22). Surprisingly, a
homology search against Swissprot and nonredundant peptide data
base demonstrated that the deduced amino acid sequence of the
CABJ/MLN64 gene had significant homology to the StAR protein,
which plays an essential role in cholesterol transport to mitochondna
(13â€”15)and to the putative protein sequence of the F26F4.4 gene of
Caenorhabditis elegans (Fig. 5). Helical wheel representation for the
first 22 amino acids of this predicted polypeptide of CABJ/MLN64
indicated a high net positive charge and the potential to form an
amphiphilic helical structure (data not shown), which is a character
istic motif of mitochondrial signal sequences (23). Of note is the
nature of amino acids at positions 43, 45, and 47 in the CABJ/MLN64
sequence and 44, 46, and 48 in the es64 sequence, corresponding to
Arg, Ala, and Ser, respectively. As indicated previously, the short
stretch of amino acid sequence including these residues fit the con
sensus cleavage site, R-X4-X-S or R-X-cla-X-X-S, where X is any
amino acid and I) represents a hydrophobic residue (23). This motif
is conserved in mitochondrial signal sequences that undergo cleavage
by the mitochondrial processing peptidase.

It was reported that the murine Grb-7 gene is mapped to the
c-ERBB-2/HER2 locus on the mouse chromosome 11 (24). Screening
with the murine Grb-7 probe revealed that there were three positive
clones including B47 among the clones hybridized with the YAC
DNA. Sequence analysis demonstrated that B47 consisted of 615 bp
and contained the homologous base-sequence to the murine Grb-7

C c-ERBB-2
1 23456 123456

@3-Actin

Fig. 3. Amplification and expression of CABJ in
gastric and esophageal cancer cell lines. Lanes 1â€”5
contain total RNA from MKN-7, KATO Ill, TE 2,
TE 6, and TE 11, respectively, and Lane 6 contains
poIy(A)@RNAof TE 6 (upperpanel). Aftergel
electrophoresis, a photograph of each gel stained
with ethidium bromide was taken under UV light.
The amount of 28S rRNA did not significantly
fluctuate between the lanes in each gel. Lanes 1â€”5
contain DNA from MKN-7, KATO ifi, TE 2, TE 6,
and TE 11, respectively (lower panel). Both North
em(upperpanel)andSouthern(lowerpanet)filters
were hybridized with CAB! (A), GRB-7 (B), and
c-ERBB-2 (C). The Southem filter hybridized with
c-ERBB-2wasstrippedandrehybnidizedwith a-ac
tin. Sizes of the transcripts and EcoRI fragments
were estimated by coelectrophoresis of 0.24â€”9.5-kb
RNA Ladder (Life Technologies, Inc.) and a 1-kb
DNA Ladder (Life Technologies, Inc.), respec
tively.
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MSKLPRELTRDLERSLPAVASLGSSLSHSQSLSSHLLP PP
TGAGAAGCGAAGGGCCATCTCTGATGTCCGCCGCACCTTCTGTCTCTTCGTCACC?TCGACCTGCTCTTCATCTCCCTGCTCTGGATCATCGAACTGAATACCAACACAGGCATCCGTAA
EKRRAISDVRRTFCLFVTFDLLF I SLLWI IELNTNTGI RK

GAACTTGGAGCAGGAGATCATCCAGTACAACTTTAAAACTTCCTTCTTCGACATCTT?GTCCTGGCCTTCTTCCGCTTCTCTGGACTGCTCCTAGGCTATGCCGTGCTGCAGCTCCG@CA
NLEQE I I QYNF KT S FFD I FVLAF F RF SG L LLGYAV LQ L R H

CTGGTGGGTGATTGCGGTCACGACGCTGGTGTCCAGTGCATTCCTCATTGTCAAGGTCATCCTCTCTGAGCTGCTCAGCAAAGGGGCATTTGGCTACCTGCTCCCCATCGTCTCTTTTGT
WWVIAVTTLVSSAFLIVKVI LSELLSKGAFGYLLP IVSFV

CCTCGCCTGGTTGGAGACCTGGTTCCTTGACTTC.M.AGTCCTACCCCAGGAAGCTGAAGAGGAGCGATGGTATCTTGCCGCCCAGGTTGCTGTTGCCCGTGGACCCCTGCTGTTCTCCGG
LAWLETWFLDFKVLPQEAEEERWYLAAQvAvARGP LLF SG

TGCTCTGTCCGAGGGACAGTTCTATTCACCCCCAGAATCCTTTGCAGGGTCTGACAATGAATCAGATGAAGAAGTTGCTGGGAAGAAAAGTTTCTCTGCTCAGGAGCGGGAGTACATCCG
ALSEGQFYSPPESFAGSDNESDEEVAGKKSFSAQEREY Ilk

CCAGGGGAAGGAGGCCACGGCAGTGGTGGACCAGATCTTGGCCCAGGAAGAGAACTGGAAGTTTGAGA.AGAATAATGAATATGGGGACA.CCGTGTACACCATTGAACTTCCCTTTCACGG
QGKEATAVVDQI LAQEENWKFEKNNEYGDTVYT I EVP FHG

KTF I LKTFLPCPAE LVYQEVI LQP ERMVLWNKTVTACQ IL

GCAGCGAGTGGAAGACAACACCCTCATCTCCTATGACGTGTCTGCAGGGGCTGCGGGCGGCGTGGTCTCCCCAAGGGAC'flCGTGAATGTCCGGCGCATTGAGCGGCGCAGGGACCGATA
Q RVEDN T L I S â€˜1DV S AGAAG GV V S P RD F VN VR R I E 1k R R DRY

CTTGTCATCAGGGATCGCCACCTCACACAGTGCCAAGCCCCCGACGCACMATATGTCCGGGGAGAGAATGGCCCTGGGGGCTTCATCGTGCTCAAGTCGGCCAGTAACCCCCGTGTTTG
LSSG IATSHSAKP P THKYVRGENGPGGF IVLKSASNP RVC

TFVWI LNTDLKGRLPRYL I HQSLAATHF EFAFHLRQR I SE

ISOLATION OF GENES FROM THE c-ERBB-2 AMPLICON
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Fig. 4. Nucleotide sequence of cDNA and the predicted amino acid sequence of CAB!.

cDNA (1301â€”1918) with 84.4% identity and the 85.9% identical
amino acid sequence to the residues 288â€”492containing SH2 domain
(1 1, 12). In particular, the consensus amino acid sequence of SH2
domain was completely identical between them. The full-length
cDNA clone of human GRB-7 was isolated from the oligo(dT)-primed
cDNA library of TE 6 and sequenced. The amino acid sequence was
90% identical to those of murine Grb-7 (12). Therefore, B47 was
recognized as the human counterpart of murine Grb-7 and was dem
onstrated to be located within 500 kb from the c-ERBB-2 gene.

Overexpression of CABJ, GRB-7, and c-ERBB-2 in Corre
spondence with the Amplification in Cancer Cell Lines. The ex
pressions of CAB], GRB-7, and c-ERBB-2 were detected in MKN-7,
KATO III, â€˜FE2, TE 6, and TE 11 cells and enhanced in MKN-7 and
TE 6 in correspondence with the amplification (Fig. 5). The mRNA
level of GRB-7 in MKN-7 cells was relatively lower than the ampli
fication degree (Fig. SB). In contrast, c-ERBB-2 is not amplified in
KATO Ill and TE 2; nevertheless, the mRNA level was elevated in
these two cell lines in comparison with TE 11 (Fig. SC). The sizes of
the CABJ mRNA were 4.0, 3.1, and 2.3 kb, whereas those of GRB-7
were 4.1 and 2.4 kb. The sizes ofc-ERBB-2 were 6.8, 4.6, and 2.5 kb.
The major transcripts of CAB], GRB-7, and c-ERBB-2 were those of
2.3, 2.4, and 4.6 kb, respectively. The expressions of A39 and CS]
were undetectable in these cell lines by Northern blot analysis (data
not shown). However, the expression ofA39 was detected by RT-PCR
amplification of the TE 6 total RNA with the A39-specific primers
(data not shown).

DISCUSSION

An efficient cDNA selection method for isolating genes located in
a large genomic region was developed. The procedures of the present
method are easily handled and are completed in a relatively short time.
The enrichment rate after two cycles of the hybrid selection is signif
icantly high enough for efficient gene cloning. In the present method,
the following are the major points in which the original methods were
improved: (a) to prevent the reduction of the complexity of the cDNA
library, PCR-amplifiable cDNAs were directly synthesized from
poly(A@ RNA without construction of a cDNA library; (b) random
hexamer-primers were used for producing the PCR-amplifiable
cDNAs to select cDNAs derived from the mRNA portion without Alu
sequence, and then negative selection of clones containing Alu se

quence by hybridization with Cot-i DNA and positive selection with
YAC clones were performed; (c) to ensure homology search of the
data base, cDNAs larger than 500 bp were cloned. In fact, we found
significant homology to known genes in isolated cDNA clones, B23
and B47; and (â€˜0to minimize the background of unhybndized cDNAs,
a relatively small amount of cDNA was hybridized with the biotiny
lated genomic DNA, and the blocking condition was optimized to
prevent nonspecific adhesion of cDNA to magnetic beads and tubes.
By this method, five distinctive cDNA clones, A39, CS], CAB],
GRB-7, and c-ERBB-2, were isolated from the 500-kb YAC clone. It

was confirmed by RT-PCR that A39 was a cDNA derived from a
transcript the expression level of which was too low to be detected by
Northern blot analysis. In spite of receiving no further investigations,
A87, and B72 were also assumed to be such cDNAs as A39. Thus, the
present results indicated that not only the highly expressed genes such
as amplified genes but also the genes of extremely low transcriptional
level can be isolated through this method. Furthermore, it was mdi
cated that the method is applicable for isolation of genes from about
1000 kb of a genomic region.4 Although the screening procedures are
a little complicated, these negative-positive selections ensure the
isolation of the target genes. Therefore, the present method could be
a powerful tool to search for genes not only in amplicons but also in
deleted regions on chromosomes for understanding multiple-step car
cinogenesis.

A computed homology search demonstrated that CAB] was iden

tical to MLN67 and significantly homologous to StAR and had the
mitochondrial signal sequence and the consensus cleavage site of
mitochondrial processing peptidase. Therefore, CABJ is assumed to
be involved in the intracellular metabolism of a steroid. It was
reported that the human StAR protein is efficiently imported into
mitochondria (25) and increases pregnenolone synthesis when coex
pressed with cytochrome P4SOscc and adrenodoxin in COS-l cells
(14). StAR germ-line mutations are associated with congenital lipoid

adrenal hyperplasia, which is an autosomal recessive disorder char
acterized by a deficiency of adrenal and gonadal steroid hormones
(15).TheStARmRNAisexpressedpreferentiallyin kidney,testis,
and ovary, whereas no mRNA is detected in steroidogenic tissues such
as placenta and brain (26). By Northern blot analysis, the CAB!

4H.SasakiandM.Terada,unpublisheddata.
3551

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/16/3548/2464511/cr0570163548.pdf by guest on 19 M

ay 2023



.64148 :KG&PoYLL.PIvsFvLAwtzIwLDFKvLPQEAE@JYLAAQAAvAanPLLFsGALsmQ207P26F4
. 4181 :sAvPPLLLIITSrrLcfJsEFYLMPFQILPR----ERRYARR@GInJP-EFgm-DEAR234StAR-H1

: - @.-tATnac-AGssYRI@1@4-KoLRQQA-v)@IsQE1JlR-RAL-GGP-TPsT38StAR-B1
: - )@@-tAT@a.c-anssYRtwRsM-xGLQQQA-vLAIoQEulR-RaL-oGP-APAA38StAR-M1
: - @-LATnc-AGssYRt.nM8-xGLRHQA-vLAIGQEI2M-RAL-ms-sP-G 38

207 :@ 263
208 :FYSPPESF@SSDEE10L5FS5QEREYIRQG1cEATAV'TDQIL--AQE@8@-KFER 264
235 : @8@J@R-G8R0@9St1I0SERPFAVPSRVSSGVFIASDYDEFRSMEFSSDWRSRLLV 293

39 Nfl RRRSSLI.GSRLERTL----YSDQEL5YLQQGEEA)Ã§MjGILSN-O-WaI-.@@..

ACKNOWLEDGMENTS

91 : -SF-QSSFFDI@'IJ..F?RFS0t.LLGYAV7.AL0***NIA'fI'[1.VSSA?LI'PaO/IL-SELLS 147
121@ PKPIR.tSLFDIVLLAVLNfl.It.CVVYOICLVICQWY7VAFt'FIASSAYILSICVLFYFt*ISS 180

154

ISOLATION OF GENES FROM ThE c-ERBB-2 AMPLICON

CAB] and GRB-7 were coamplified with c-ERBB-2 in breast cancer,
respectively (22, 24). Thus, these three genes are considered to be
associated with cancer development. It was also demonstrated that in
the same amplicon, there were at least three genes, CAB], GRB-7, and
c-ERBB-2, the mRNA levels of which were elevated in concordance
with the amplification. Furthermore, it is noteworthy that these three
genes could be associated in their functions. GRB-7 tightly binds to
the phosphorylated c-ERBB-2 through its SH2 domain (24). It was
reported that estrogen physically and functionally interacts with the
c-ERBB-2 product and induces morphological transformation of
c-ERBB-2-transfected NIH3T3 cells (27). Although we have not in
vestigated the biological activities of the CAB! protein, CAB] may be
involved in tumor development through estrogen or some other ste
roid, and overexpression of the CAB] gene could facilitate steroid
hormone production in cancer cells. The present data suggest that the
presence of functionally related genes in the same amplicon might be
attributed to progression of cancer in a synergistic manner. This
suggestion is supported by another example of the coamplification of
the MDM2 and CDK4 genes, which encode cell cycle regulation
factors, on the 12q13â€”l4locus in sarcoma (28). The present results,
along with the previous reports on the llql3 locus (7, 8, 29), N-MYC
amplicon (30), and the 12q13â€”l4locus (28, 3 1, 32), established that
it is a common characteristic of amplicons in cancer to contain
multiple transcribed genes in an amplicon and suggested that more
than one amplified gene in the same amplicon could be involved in
cancer development or progression.
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Fig. 5. Comparison of the predicted amino acid sequences of CABI with StAR.
Residues from I to the end of CAB 1 are shown aligned with corresponding regions of
other sequences. The standard single-letter symbols for amino acid residues are used.
es64, murine CAB l/MLN64; F26F4.4, putative sequences of C. elegans for human
CAB1/MLN64; StAR-H, human StAR; StAR-B, bovine StAR; S:AR-M. murine StAR.
Identical residues among the CABI sequences of human, murine, and C. elegans are
indicated by * at the upper position, and identical residues between the CABIs and the
StARs are indicated by * at the lower position.

S T. Ishizuka, H. Sasaki, M. Nezu, M. Onda, and M. Terada, unpublished observation.
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