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Abstract

Identification of genes involved in the transition from androgen-dependent to androgen-independent prostate cancer is important
to extend our current knowledge of the disease. Using differential display RT-PCR analysis between androgen-dependent and
androgen-independent prostate cancer cells, we have identified a novel gene, designated GC109. GC109 harbours a putative Cys-His
cluster, a nuclear localisation signal, a leucine zipper and a ret finger protein (rfp)-like domain. GC109 mRNA expression in normal
human tissues was found not to be restricted to the prostate. However, using a variety of 15 human cancer cell lines, GC109 mRNA
was preferentially expressed in androgen-dependent LNCaP-FGC, compared with androgen-independent LNCaP-LNO, DU145
and PC3 human prostate cancer cells. Finally, the GC109 gene was mapped on human chromosome 2p24. Based on its protein
domain structure and chromosomal localisation, we hypothesise that GC109 may be involved in chromosomal rearrangements in

prostate cancer. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Prostate cancer is the second leading cause of male
cancer-related deaths and the most commonly diag-
nosed cancer in elderly men in the Western world [1].
Prostate cancer is initially an androgen-dependent dis-
ease and can be treated effectively by inhibiting endo-
genous androgen production or action. However, it has
been reported that in an animal model, almost all pros-
tate tumours will progress, which results in growth of
androgen-independent cells and subsequent develop-
ment of hormone-refractory prostate disease. The
mechanism of prostate cancer progression from an
androgen-dependent to an androgen-independent state
is not fully understood [2]. Genetic alterations (loss and
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gain) most likely play a role during prostate cancer
progression. It has been reported that major genetic
alterations occur during androgen-dependent prostate
cancer growth, and minor genetic alterations occur
during androgen-independent prostate cancer growth
[3.4]. Identification of genetic factors that are differen-
tially expressed between androgen-dependent and
androgen-independent prostate cancer may be impor-
tant to extend our current knowledge of the molecular
mechanism(s) underlying the development of hormone-
refractory prostate cancer.

Applying differential display reverse transcriptase-
polymerase chain reaction (RT-PCR) analysis to
androgen-dependent and androgen-independent pros-
tate cancer cells, we have identified and cloned several
cDNA transcripts [5-7]. Here, we report on the identi-
fication of a novel gene, designated GC109. GC109 is
localised on the human chromosome 2p24 locus and
was found to be expressed more highly in androgen-
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dependent compared with androgen-independent pros-
tate cancer cell lines.

2. Materials and methods
2.1. Human cancer cell lines

The lymph node carcinoma of the prostate-fast grow-
ing colony (LNCaP-FGC) and lymph node carcinoma of
the prostate-lymph node original (LNCaP-LNO) cell
lines [8] were gifts from Dr J.S. Horoszewicz (Buffalo,
NY, USA) and were propagated as described in Ref. [5,9].

The human cancer cell lines PC3 and DU145 (andro-
gen-independent prostate carcinomas), ZR-75-1 (oes-
trogen-dependent breast carcinoma), T47D and MCF7
(oestrogen-responsive breast carcinomas), MDA-MB-
231 and SKBR-3 (oestrogen-independent breast adeno-
carcinomas), HeLa (cervical carcinoma), IMR32
(neuroblastoma), HEPG2 (hepatoma), T24 (bladder
carcinoma), SnuC1l and SnuC5 (colon carcinomas) were
cultured in their appropriate medium as recommended
by the American Type Culture Collection (ATCC,
Rockville, MD, USA).

2.2. RNA arbitrary primed and differential display RT-
PCR analysis

Total RNA from 6 days LNCaP-FGC and LNCaP-
LNO cell cultures was isolated for differential display
RT-PCR analysis as described in Ref. [5] using a single
arbitrary primer (HB25, 5-GCAAGCTTGCGATCA-
TAGCG-3, Pharmacia Biotech, Roosendaal, The
Netherlands). The differentially expressed GCI09 frag-
ment was 390 bp long, 3?P-labelled and used as probe to
screen an oligo(dT)+random primed human prostate
5-STRETCH c¢DNA library Agtl0 (Clontech, Palo
Alto, CA, USA). The screen yielded 4 positive clones
and the largest clone (pCR2 109 5R1) had an insert of
957 nucleotides.

2.3. Northern and dot blot analyses

Northern blot analysis was performed as described in
Ref. [5]. A human dot blot was obtained (Master Blot,
Clontech, Palo Alto, CA, USA) and contained poly A™*
RNA (range: 89-514 ng/dot) isolated from 50 different
human normal tissues. The amounts of RNA on the
blot were normalised against eight different house-
keeping genes and the source of RNA was obtained
from individuals who died of trauma. Hybridisation
using 3?P-labelled 390 bp GCI09 bp probe was per-
formed according to the manufacturer’s instructions.
The blot was exposed to an X-ray film (Kodak X-Omat,
Rochester, NY, USA) at —80 °C with intensifying
screens for at least 18 h.

2.4. Chromosomal localisation

The 390 bp GCI09 fragment was ?P-labelled and
used to screen a genomic human PAC library on grid-
ded filters (Genome Systems, St. Louis, MO, USA).
Hybridisation was performed according to the manu-
facturer’s instructions. From positive PAC clones,
genomic DNA was isolated according to the protocol of
the manufacturer and used for fluorescence in situ
hybridisation (FISH) analysis as described in Refs. [6,7].
Analysis was performed using a Leica DM-RXA
microscope equipped with a PowerGene Image analysis
system (PSI, Chester, UK).

3. Results

3.1. GCI109 is differentially expressed between LNCaP-
FGC and LNCaP-LNO cells

Two genetically related LNCaP cell lines were used to
isolate genes involved in androgen-independent prostate
cancer development. The LNCaP-FGC cell line is
androgen-dependent and has an optimal growth rate at
10~ M R1881 (synthetic androgen), whereas higher
concentrations did not stimulate growth at all. Both
10~7 M 1.25 (OH),D5 (vitamin Ds) or a combination of
10~ M R1881 plus 10=7 M 1.25 (OH),Ds did not sti-
mulate growth (data not shown). The LNCaP-LNO cell
line is androgen-independent and growth is slightly
inhibited with concentrations higher than 107% M
R1881. A combination of 1078 M R1881 with 10~7 M
1.25 (OH),Dj5 inhibits the growth of LNCaP-LNO cells
almost completely (data not shown). 1.25 (OH),D;
served as a tool to obtain conditions under which both
cell lines were growth-arrested [5]. Differential display
RT-PCR analysis was performed using controlled cell
culture conditions with respect to growth: 0, 1071 M
R1881, 1078 M R1881, 10=7 M 1.25 (OH),D; and a
combination of 10=7 M 1.25 (OH),D; with 108 M
R1881. The relevant differentially expressed fragments
were isolated, amplified, cloned and expression was
confirmed by Northern blot analysis (Fig. 1). Relative
to the amount of total RNA, GCI109 mRNA is more
highly expressed in the LNCaP-FGC cells (lanes 1-5)
compared with the LNCaP-LNO cells (lanes 6-10).
GC109 mRNA seems not to be regulated by either
R1881 (lanes 2 and 3) or 1.25 (OH),D5 (lane 4), or a
combination of R1881 plus 1.25 (OH),D5 (lane 5).

3.2. Expression of GC109 mRNA in human normal
tissues

The tissue specificity of GC109 mRNA expression was
examined using a human tissue dot blot containing poly
A* RNA isolated from normal individuals. The
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Fig. 1. Northern blot analysis of GC109 mRNA expression in human
LNCaP-FGC and LNCaP-LNO prostate cancer cells. Total RNA (20
ng) was loaded on each lane of a 1.5% denatured agarose gel, elec-
trophoresed, blotted onto nylon filters and hybridised with the 3?P-
labelled 390 bp GC109 probe. Each lane contains an equal amount of
total RNA as measured by absorbance at 260 nm and ethidium bro-
mide staining. Lanes 1-5, androgen-dependent LNCaP-FGC cells;
lanes 6-10, androgen-independent LNCaP-LNO cells; lanes 1 and 6,
no additions; lanes 2 and 7, 10~'© M R1881; lanes 3 and 8, 10~ M
R1881; lanes 4 and 9, 10~7 M 1.25 (OH),Ds; lanes 5 and 10, 10~% M
R1881 plus 107 M 1.25 (OH),D;.

amount ranged from 89 to 514 ng/dot, which was nor-
malised against eight different housekeeping genes.
Fig. 2 shows, that besides expression in the prostate
(C7), GCI109 mRNA expression was observed at com-

Fig. 2. Dot blot analysis of GC109 mRNA expression in human nor-
mal tissues. A dot blot containing poly A*™ RNA (range: 89-514 ng/
dot) from 50 different normal human tissues was hybridised with the
32P-labelled 390 bp probe GCI109. Row A: 1, whole brain; 2, amyg-
dala; 3, caudate nucleus; 4, cerebellum; 5, cerebral cortex; 6, frontal
lobe; 7, hippocampus; 8, medulla oblongata. Row B: 1, occipital lobe;
2, putamen; 3, substantia nigra; 4, temporal lobe; 5, thalamus; 6, sub-
thalamic nucleus; 7, spinal cord. Row C: 1, heart; 2, aorta; 3, skeletal
muscle; 4, colon; 5, bladder; 6, uterus; 7, prostate; 8, stomach. Row D:
1, testis; 2, ovary; 3, pancreas; 4, pituitary gland; 5, adrenal gland; 6,
thyroid gland; 7, salivary gland; 8, mammary gland. Row E: 1, kidney;
2, liver; 3, small intestine; 4, spleen; 5, thymus; 6, peripheral leucocyte;
7, lymph node; 8, bone marrow. Row F: 1, appendix; 2, lung; 3, tra-
chea; 4, placenta. Row G: 1, fetal brain; 2, fetal heart; 3, fetal kidney;
4, fetal liver; 5, fetal spleen; 6, fetal thymus; 7, fetal lung. Row H: 1,
yeast total RNA, 100 ng; 2, yeast tRNA, 100 ng; 3, Escherichia coli
rRNA, 100 ng; 4, E. coli DNA, 100 ng; 5, Poly r(A), 100 ng; 6, human
Cot 1 DNA, 100 ng; 7, human genomic DNA, 100 ng; 8, human
genomic DNA, 500 ng.

parable levels in heart (C1), colon (C4), pituitary gland
(D4), adrenal gland (DY), thyroid gland (D6), kidney
(E1), liver (E2), small intestine (E3), spleen (E4), thymus
(ES), trachea (F3), placenta (F4) and foetal kidney (G3).

3.3. Expression of GC109 mRNA in established human
cancer cell lines of different origin

GC109 mRNA expression was examined in 15 estab-
lished human cancer cell lines of different origin. Fig. 3a
shows that the highest expression was present in human
androgen-dependent LNCaP-FGC cells (lane 1) and
found to be reduced in androgen-independent prostate
cancer cell lines LNCaP-LNO, PC3 and DU145 (lanes
24, respectively). Furthermore, GC109 mRNA expres-
sion was reduced or absent in the human HelLa, SnuCl,
SnuC5, IMR32, HEPG2 and T24 cancer cell lines (lanes
5-10, respectively). Finally, Fig. 3b shows that GCI09
mRNA expression was reduced or absent in the human
breast cancer cell lines ZR-75-1, T47D, MCF7, MDA-
MB-231 and SKBR3 (lanes 11-15, respectively). Toge-
ther, these results show that overexpression of GC109
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Fig. 3. Northern blot analysis of GC109 mRNA expression in estab-
lished human cancer cell lines. Total RNA (20 pg) was loaded on each
lane of a 1.5% denatured agarose gel, electrophoresed, blotted onto
nylon filters and hybridised with the 3?P-labelled 390 bp GC109 probe.
Each lane contains an equal amount of total RNA as measured by
absorbance at 260 nm and ethidium bromide staining. Lane 1,
LNCaP-FGC (androgen-dependent prostate carcinoma); lane 2,
LNCaP-LNO (androgen-independent prostate carcinoma); lane 3,
PC3 (androgen-independent prostate carcinoma); lane 4, DU145
(androgen-independent prostate carcinoma); lane 5, HeLa (cervical
carcinoma); lane 6, SnuCl (colon carcinoma); lane 7, SnuC5 (colon
carcinoma); lane 8, IMR32 (neuroblastoma); lane 9, HEPG2 (hepa-
toma); lane 10, T24 (bladder carcinoma); lane 11, ZR-75-1 (oestrogen-
dependent breast carcinoma); lane 12, T47D (oestrogen-responsive
breast carcinoma); lane 13, MCF7 (oestrogen-responsive breast adeno-
carcinoma); lane 14, MDA-MB-231 (oestrogen-independent breast
adenocarcinoma) and lane 15, SKBR-3 (oestrogen-independent adeno-
carcinoma).
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may be restricted to androgen-dependent LNCaP-FGC
prostate cancer cells.

3.4. Cloning and sequencing of GC109

The differentially expressed cDNA clone GCI109 was
sequenced in both directions and was 390 bp long.
Screening of a human prostate cDNA Agtl0 library
yielded a clone (pCR2 109 5R1) of 957 bp. Fig. 4 shows
the nucleotide sequence of clone pCR2 109 5R1. A
homology search in the EMBL/GenBank databases was
performed, using the BLAST Server [10]. Translation of
the nucleotide sequence reveals a novel gene with an
open reading frame of 319 amino acid residues. Domain
analysis reveals homology to a family of proteins con-
taining a RING finger, Bl and B2 boxes, a coiled coil
and a rfp-like or B30.2 domain [11-13]. The N-terminal
part of GCI09 has a Cys-His cluster (Cys-X2-Cys-X5-
His-X2-His) that may represent a part of the B2 box
domain [12], a bipartite nuclear localisation signal
domain [14], and a coiled coil domain that represents a
leucine zipper domain [15,16]. The C-terminal part of
GC109 has high homology with a domain, that is
originally found in human ret finger protein (RFP)
[17]. The protein members of this family will be tenta-
tively referred to as the RING Bbox Coil Ret (RBCR)
family.

3.5. Chromosomal localisation of GC109

Southern blot analysis using the 3?P-labelled 390 bp
GC109 probe on LNCaP-FGC genomic DNA digested
with either HindIll, or EcoRI or BamHI, demonstrated
that a single copy gene encodes GCI09 (data not
shown). Screening of a human genomic PAC library
yielded six positive clones (2L8, 14F17, 53N3, 133H7,
19503 and 224B24). Genomic DNA was isolated from
PAC clone 2L8, verified by PCR and used as a probe on
metaphase spread chromosomes using fluorescence in
situ hybridisation analysis. The detected signals were
localised on the human chromosome 2p24 locus (Fig. 5).

4. Discussion

Using differential display RT-PCR analysis and a
controlled cell culture system, GCI09 was identified
(Fig. 1). GC109 mRNA is higher expressed in androgen-
dependent LNCaP-FGC compared with androgen-
independent LNCaP-LNO prostate cancer cells. In
normal human tissues, GC109 mRNA expression was
not limited to the prostate, but was also observed in
various other human tissues (Fig. 2). In fetal tissues,
expression was in general lower compared with their
normal human counterparts, except for fetal kidney
(G3). Next, we examined GCI09 mRNA expression in

several established human cancer cell lines of various
origins (Fig. 3). GCI109 was more highly expressed in
androgen-dependent LNCaP-FGC, compared with
androgen-independent LNCaP-LNO, PC3 and DU145
prostate cancer cell lines. This demonstrates that
expression of GCI09 is decreased, and that GCI09
might be involved during prostate cancer progression.
Because, in other cancer cell lines, GC109 was hardly
present, these observations suggest that overexpression
of GCI09 may be restricted to androgen-dependent
LNCaP-FGC prostate cancer cells. In addition, since
GC109 mRNA expression does not seem to be affected
by androgens (Fig. 1), GC109 may be a novel tumour
marker to study prostate cancer progression in patients
with different stages of disease. The comparison of the
expression of the gene in clinical samples of hormone-
dependent and hormone-independent prostate cancers
would help to provide supporting data for this hypo-
thesis.

Partial cloning showed that GC109 was a novel gene,
belonging to the RBCR family members of proteins
with oncogenic potential. The N-terminal part of the
RBCR family, that are able to fuse to other proteins,
include the the ret finger protein (RFP), promyelocytic
leukaemia protein (PML) and transcriptional inter-
mediary factor 1 (TIF1) among others [11-13,17]. PML
is associated with acute promyelocytic leukaemia (APL)
and can fuse with retinoic acid receptor o (RARw),
involved in  the chromosomal translocation
t(15;17)(q22q21). TIF1 can interact with several nuclear
receptors in vivo and seems to mediate the ligand-
dependent transcriptional activity of nuclear receptors.
The N-terminal part of TIF1 can fuse with the serine/
threonine kinase domain (B-raf) of the mouse oncogenic
protein T18. RFP can fuse with the tyrosine kinase
domain of the proto-oncogene ret to form the ret
transforming gene [17]. Recently, the ret protein has
been reported to be involved in prostate cancer [18].
Furthermore, the RBCR family includes human ribo-
nucleoprotein Ro/SSA, the autoantigen A involved in
Sjogren’s Syndrome and systemic lupus erythematosus
(SLE); a regulatory protein of murine T-lymphocyte 1
(rpt-1), which is a downregulator of interleukin-2; stim-
ulated frans-acting factor of 50 kDa (Staf-50), an inter-
feron-inducible transcriptional regulator; acid finger
protein (AFP) implicated in major histocompatibility
complex (MHC) class 1 and oestrogen-responsive finger
protein (EFP). Recently, mutations have been found in
novel members of the RBCR family. Pyrin or marenos-
trin, has been reported to be involved in familial Medi-
terranean fever which is characterised by recurrent
attacks of inflammation. Midline 1 (MIDI) is a gene
implicated in Opitz G/BBB syndrome, and is char-
acterised by an inherited multiple-organ disorder, that
affects midline development. In addition to MIDI, a
novel homologue, MID2, has been reported. Non-
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Fig. 4. Nucleotide and deduced amino acid sequences of clone GC109. (a) The cDNA clone pCR2 109 5R1 was isolated from a human prostate
cDNA library and sequenced using the dideoxy chain-terminating method. The numbering of the nucleotide sequence is on the left margin and the
amino acid sequence is on the right margin. Putative Cys-His cluster is indicated by a dotted line, nuclear localisation signal is underlined, leucine
zipper domain is in bold and ret finger protein (rfp)-like domain is in bold and italics. (b) Alignment of Cys-His cluster of GC109 with other pro-
teins. (c) Comparison of proteins harbouring a rfp-like domain. The alignments in (b) and (c) show GC109 (this report); ret finger protein (RFP) [7];
ribonucleoprotein (Ro/SSA); acid finger protein (AFP); oestrogen-responsive finger protein (EFP); stimulated frans-acting factor (Staf-50); pro-
myelocytic leukaemia protein (PML); transcriptional intermediary factor 1 (TIF1); regulatory protein (rpt-1); pyrin; marenostrin; midlinel protein
(MID1); midline2 protein (MID2); zinc finger protein (PwA33); nuclear protein (xnf7); butyrophilin (BT) and ret finger protein (RFB30). GenBank
Accession number: AY005802.
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Fig. 5. Chromosomal localisation of GC109. (a) In situ hybridisation
of digoxigenin-labelled GC109 PAC clone (2L8) on human metaphase
spread chromosomes. Specific hybridisation was observed on both
chromosomes 2 at band p24 (double dots at white arrows). (b) A
representing idiogram of chromosome 2 showing the 2p24 locus.
Images were obtained using a Leica DM-RXA microscope.

mammalian members of the RBCR family include a
nuclear factor (xnf7) that binds mitotic chromosomes of
the frog Xenopus Laevis and a zinc finger protein
(PwA33) that binds lampbrush chromosomes of the
newt Pleurodeles Waltl. Interestingly, high homology,
(>55%) is found with the rfp-like domain of butyr-
ophilin (BT), a milk transmembrane glycoprotein with
potential receptor function. However, BT lacks the N-
terminal domain, which is a characteristic for the
RBCR family members [11-13].

The GC109 gene was mapped on human chromosome
2p24 (Fig. 5). The 2p24 locus has been reported to be
frequently amplified in neuroblastoma and retino-
blastoma [19,20]. Furthermore, it was reported that in
the 2p24 locus, rearrangements in neuroblastomas are
common [21,22]. This suggests that several genes are
involved in 2p24 rearrangements.

In conclusion, our results show that GCI09 is more
highly expressed in androgen-dependent compared with
androgen-independent prostate cancer cells. This sug-
gests that GC109 may be involved in the development of
androgen-independent prostate cancer. GCI09 mRNA
is not affected by androgens and seems to be expressed
preferentially in androgen-dependent prostate cancer
cells. This demonstrates that GC/09 may be a novel
tumour marker to study progression in material of
prostate cancer patients with different stages of disease.
GC109 is localised on human chromosome 2p24 and is a
novel member of the expanding RBCR family. The
function of GCI09 in prostate and prostate cancer is
currently under investigation.

Acknowledgements

This work was sponsored by the Dutch Cancer
Society (KWF/NKB) (grant no. EUR 95-1031).

G.T.G. Chang et al. | European Journal of Cancer 37 (2001) 2129-2134

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Greenlee RT, Hill-Harmon MB, Murray T, Thun M. Cancer

statistics, 2001. CA Cancer J Clin 2001, 51, 15-36.
Rinker-Schaeffer CW, Partin AW, Isaacs WB, Coffey DS, Isaacs
JT. Molecular and cellular changes associated with the acquisi-
tion of metastatic ability by prostatic cancer cells. Prostate 1994,
25, 249-265.

. Cher ML, Bova GS, Moore DH, et al. Genetic alterations in

untreated metastases and androgen-independent prostate cancer
detected by comparative genomic hybridization and allelotyping.
Cancer Res 1996, 56, 3091-3102.

Nupponen NN, Kakkola L, Koivisto P, Visakorpi T. Genetic
alterations in hormone-refractory recurrent prostate carcinomas.
Am J Pathol 1998, 153, 141-148.

Chang GTG, Blok LJ, Steenbeek M, et al. Differentially expres-
sed genes in androgen-dependent and-independent prostate car-
cinomas. Cancer Res 1997, 57, 4075-4081.

Chang GTG, Tapsi N, Steenbeeck M, et al. Identification of a
gene on human chromosome 8q11, that is differentially expressed
during prostate-cancer progression. Int J Cancer 1999, 3, 506-511.
Chang GTG, Steenbeek M, Schippers E, et al. Characterization
of a zinc-finger protein and its association with apoptosis in
prostate cancer cells. J Natl Cancer Inst 2000, 92, 1414—-1421.
Horoszewicz JS, Leong SS, Kawinski E, ez al. LNCaP model of
human prostatic carcinoma. Cancer Res 1983, 43, 1809—-1818.
van Steenbrugge GJ, van Uffelen CJ, Bolt J, Schroder FH. The
human prostatic cancer cell line LNCaP and its derived sublines:
an in vitro model for the study of androgen sensitivity. J Steroid
Biochem Mol Biol 1991, 40, 207-214.

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic
local alignment search tool. J Mol Biol 1990, 215, 403—410.
Saurin AJ, Borden KLB, Boddy MN, Freemont PS. Does this
have a familiar RING? Trends Biochem Sci 1996, 6, 208-214.
Borden KL, Lally JM, Martin SR, O’Reilly NJ, Solomon E,
Freemont PS. In vivo and in vitro characterization of the Bl and
B2 zinc-binding domains from the acute promyelocytic leukemia
protooncoprotein PML. Proc Natl Acad Sci 1996, 93, 1601-1606.
Henry J, Ribouchon M, Depetris D, et al. Cloning, structural
analysis, and mapping of the B30 and B7 multigenic families to
the major histocompatibility complex (MHC) and other chromo-
somal regions. Immunogenetics 1997, 46, 383-395.

Dingwall C, Laskey RA. Nuclear targeting sequences—a con-
sensus? Trends Biochem Sci 1991, 16, 478-481.

Landschulz WH, Johnson PF, McKnight SL. The leucine zipper:
a hypothetical structure common to a new class of DNA binding
proteins. Science 1988, 240, 1759-1764.

O’Shea EK, Rutlowski R, Kim PS. Evidence that the leucine
zipper is a coiled coil. Science 1989, 243, 538-542.

Takahashi M, Inaguma Y, Hiai H, Hirose F. Developmentally
regulated expression of a human ““finger”’-containing gene enco-
ded by the 5 half of the ret transforming gene. Mol Cell Biol
1988, 8, 1852-1856.

Dawson DM, Lawrence EG, MacLennan GT, et al. Altered
expression of RET proto-oncogen product in prostatic intra-
epithelial neoplasia and prostate cancer. J Natl Cancer Inst 1998,
90, 519-523.

Corvi R, Saveyeva L, Schwab M. Duplication of N-MYC at its
resident site 2p24 may be a mechanism of activation alternative
to amplification in human neuroblastoma cells. Cancer Res 1995,
55, 3471-3474.

Godbout R, Squire J. Amplification of a DEAD box protein gene in
retinoblastoma cell lines. Proc Natl Acad Sci 1993, 90, 7578-7582.
Shiloh Y, Korf B, Kohl NE, ef al. Amplification and rearrange-
ment of DNA sequences from the chromosomal region 2p24 in
human neuroblastomas. Cancer Res 1986, 46, 5297-5301.
Akiyama K, Nishi Y. Cloning and physical mapping of DNA
sequences encompassing a region in N-myc amplicons of a
human neuroblastoma cell line. Nucleic Acids Res 1991, 19, 6887—
6894.



