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SUMMARY: Functional significance of several oncogenes is mediated by overexpression. To identify overexpressed genes in
prostate cancer, we analyzed expression of 1081 transcripts in three prostate cancer cell lines (PC-3, DU145, and LNCaP) using
cDNA microarray hybridization. The cDNA microarray analyses were validated by quantitative real-time RT-PCR. On average,
64% of the genes were expressed at detectable levels in the cell lines. Next, the expression profiles were combined with the data
on DNA sequence copy number alterations in the cell lines obtained by comparative genomic hybridization. The genes for Elongin
C and urokinase type plasminogen-activator, both located in the regions of amplification in the PC-3 cell line (8q21 and 10q22,
respectively), were found to be overexpressed in the PC-3. Amplification and overexpression of urokinase type plasminogen-
activator in prostate cancer has previously been reported. Here, fluorescence in situ hybridization on tissue microarray showed
high-level amplification of the Elongin C gene in 8 (23%) of 35 hormone-refractory carcinomas but in none of the untreated
prostate carcinomas (n � 35). Finally, it was shown that the Elongin C gene was overexpressed and amplified also in breast
cancer cell line SK-Br-3. The results indicate that Elongin C is a putative target gene for 8q amplification. (Lab Invest 2002,
82:629–637).

D uring the last several years, a major emphasis in
the field of prostate cancer research has been in

identification of the genes involved in the development
and progression of the disease, using strategies such
as positional cloning (Elo and Visakorpi, 2001). In
positional cloning, the chromosomal locus harboring
the disease gene is first identified, eg, by classical
cytogenetic, loss of heterozygosity, comparative
genomic hybridization (CGH), or linkage analyses.
Subsequently, the genes in the region of interest are
individually studied to identify the actual target gene of
the genetic aberration (Collins, 1995; Forozan et al,
1997). Although the screening of chromosomal aber-
rations is relatively rapid and easy with the currently
available techniques, the recognition of the true target
gene for the aberration is still tedious and difficult. For
example, CGH and loss of heterozygosity analyses
have already revealed the most commonly altered
chromosomal regions in prostate cancer, but many of
the target genes for these aberrations are not known
(Elo and Visakorpi, 2001).
An alternative approach to find genes involved in the

development of cancer is to identify differentially ex-
pressed genes. There are several techniques for
screening such genes, eg, subtraction hybridization

(Hedrick et al, 1984), differential display (Liang and
Pardee, 1992), representational difference analysis
(Hubank and Schatz, 1994; Lisitsyn et al, 1993), and
serial analysis of gene expression (Velculescu et al,
1995). Maybe the most exciting of these new tech-
niques is, however, cDNA microarray hybridization
(Schena et al, 1995). With cDNA microarrays expres-
sion of thousands of genes can be studied simulta-
neously. It has already been used for both identifica-
tion of novel prostate cancer–related genes and
classification of prostate tumors based on their ex-
pression profiles (Dhanasekaran et al, 2001; Magee et
al, 2001; Welsh et al, 2001; Xu et al, 2000).
Because many chromosomal alterations affect gene

expression, combining analysis of expression and
chromosomal aberrations may be useful in efforts to
clone cancer-causing genes. This is especially true for
amplified oncogenes, because amplification of a chro-
mosomal region is believed to lead to the overexpres-
sion of the true target gene for the amplification
(Anzick et al, 1997; Collins et al,1998; Monni et al,
2001; Nupponen et al, 1999, 2000). Here, our goal was
first to identify overexpressed genes in three prostate
cancer cell lines (PC-3, DU145, and LNCaP) by cDNA
microarray hybridization and then to find out which of
the overexpressed genes were likely to be amplified
by combining the expression data with CGH findings.
We found that genes for Elongin C and urokinase-type
plasminogen activator (uPA) were overexpressed in
the PC-3 cell line that contained amplification of the
chromosomal regions harboring the genes 8q21 and
10q22, respectively. The overexpression of uPA and
Elongin C was verified by quantitative RT-PCR tech-
niques (LightCycler, Roche Diagnostics, Mannheim,
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Germany). Next, the frequency of Elongin C amplifica-
tion in prostate cancer was studied by using fluores-
cence in situ hybridization (FISH) and the tissue mi-
croarray technique. Finally, we analyzed the gene
copy number and expression of the Elongin C gene in
cell lines derived from malignant and nonmalignant
epithelial cells of the mammary gland.

Results

cDNA Microarray Hybridization

Of the 1081 genes, 660 (61%), 564 (52%), and 846
(78%) showed signal intensities over the background
in PC-3, DU145, and LNCaP cell lines, respectively.
Table 2 lists the 10 most highly overexpressed genes

in the 3 cell lines. The genes can be functionally
categorized into the following groups: cell cycle reg-
ulators (CDK1, CDK5, CCNB1, and CCNA), ribosomal
proteins (RPS21 and RPS3A), DNA polymerases and
replication-associated proteins (topoisomerase II al-
pha [TOP2A] and RPA3), proteases (uPA and CAPN2),
nuclear receptors/transcription factors (orphan hor-
mone nuclear receptor and MYC), apoptosis/cell pro-
liferation–associated proteins (CAS and API4), and
miscellaneous (NDKA, HSP90A, Elongin C, caveolin 2,
calmodulin, KIAA0175, PSMA, and GIRK2).

Next, we compared the expression levels with chro-
mosomal alterations in the cell lines that we have previ-
ously found by CGH (Nupponen et al,1998a). The chro-
mosomal localization of the analyzed 1081 genes was

Table 1. The Primer and Probe Sequences Used in the Real-Time RT-PCR

Gene Primer sequences (5�-3�) Hybridization probe sequences (5�-3�)

Elongin C ACCTATGGTGGCTGTGAAGG
AGGTGCAATTGGGAATTCAG

uPA TCACCACCAAAATGCTGTGT TCCCCCTGAGTCTCCCTGGCA-Fluorescein
AGGCCATTCTCTTCCTTGGT Red640-AATCTGTTTTCCACTGTGGGTCAGCAG

TOP2A GATTCTAGTTAATGCTGCGGAC CACAAAGTTGAAAAGATGTATGTCCCA-Fluorescein
AGACTTTGACATCTTTGGTGGA Red640-LC CTCTCATATTTGGACAGCTCCTAACTTC

TBP GAATATAATCCCAAGCGGTTTG TTTCCCAGAACTGAAAATCAGTGCC-Fluorescein
ACTTCACATCACAGCTCCCC Red640-TGGTTCGTGGCTCTCTTATCCTCATG

uPA, urokinase-type plasminogen activator; TOP2A, topoisomerase II alpha; TBP, TATA-box binding protein.

Table 2. Ten Most Overexpressed Genes in Each Cell Line

Gene Abbreviation

GenBank
accession
number Locus

Relative expression
according to cDNA

microarray

PC-3 DU145 LNCaP

Cell division cycle 2 CDC2 X05360 10q21 8.3a 3.7 9.3
Urokinase type plasminogen activator uPA M15476 10q22 7.1 1.6 —b

Orphan hormone nuclear receptor Z30425 X 7.1 — —
Cellular apoptosis susceptibility protein CAS U33286 20q13 7.0 2.8 2.0
Nucleoside diphosphate kinase A NDPKA X17620 17q21 6.9 1.0 6.4
Topoisomerase II alpha TOP2A J04088 17q21-22 6.6 11.2 4.1
90-kd heat shock protein A HSP90A X07270 ? 5.7 1.2 4.1
Elongin C, transcription elongation factor B1 TCEB1 L34587 8q21 5.5 1.0 2.1
Ribosomal protein S21 RPS21 L04483 20q13 5.3 1.3 7.7
Cyclin B1 CCNB1 M25753 5q12 5.2 8.2 13.6
Apoptosis inhibitor 4 API4 U75285 17q25 4.3 4.5 2.6
Caveolin 2 CAV2 AF035752 7q31 — 3.7 3.7
Calmodulin 2 CALM2 D45887 2p21 1.6 3.6 1.2
Calpain 2 CAPN2 M23254 1q41-42 3.4 3.2 —
KIAA0175 D79997 9p12 2.7 3.1 3.1
Replication protein A3 RPA3 L07493 7p22 3.8 2.9 2.6
Prostate-specific membrane antigen PSMA M99487 11p11 0.9 — 9.0
Cyclin-dependent kinase 5 CDK5 X66364 7q36 — — 7.5
Ribosomal protein 3a RPS3A M77234 4q31 0.6 1.2 6.5
c-myc MYC V00568 8q24 2.9 1.1 5.6
G-protein activated inward rectifier potassium channel 2 GIRK2 U24660 21q22 2.3 — 5.7
Cyclin 2A CCNA X51688 4q25-31 — — 5.7
a The 10 most highly expressed genes in each cell line are marked in bold.
b Expression below the detection limit.
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retrieved from public databases (http://www.ncbi.nlm.
nih.gov/LocusLink/ and http://www.ensembl.org/). The
relative expression value of each gene, obtained by
cDNA microarrays, was plotted against the distance
(Mb) of the gene from pter of each chromosome (Fig. 1).
The resulting expression profiles were compared with
the CGH profiles. The cell lines contain only a few
high-level amplifications according to CGH analysis.
PC-3 contains amplifications of 8q13-qter, 10p12-q23,
and 14q21-q24. DU145 contains gain of 14q including
amplification at 14cen-q21, whereas LNCaP does not
have any amplifications according to CGH analysis
(Nupponen et al, 1998a). By combining the CGH and
gene expression data, we identified two genes that were
located in a region of amplification and were consistently
overexpressed in the cell line containing the amplifica-
tion. These were genes for uPA at 10q22 and for Elongin
C (TCEB1) at 8q21. uPA was expressed more than four
times higher in PC-3 than in DU145 and more than seven

times higher in PC-3 than in LNCaP. Elongin C was
overexpressed more than five times higher in PC-3 than
in DU145 and more than two times higher in PC-3 than
in LNCaP.

Confirmation of Differential Expression by RT-PCR

To verify the cDNA microarray findings, the expression
of uPA, Elongin C, and TOP2A was measured by
quantitative RT-PCR. Figure 2 shows a standard curve
of the real-time RT-PCR measurement of Elongin C.
The linear standard curve ranged from 0.16 to 250 of
total RNA. The relative value of expression (as com-
pared with the expression of TATA-box binding pro-
tein [TBP]) of Elongin C was 27.6, 5.4, and 2.4 in the
PC-3, DU145, and LNCaP cell lines, respectively. The
relative value of expression of uPA was 151.5, 53.8,
and 0 in the PC-3, DU145, and LNCaP cell lines,
respectively. The relative value of expression of
TOP2A was 9.3, 18.0, and 4.5 in the PC-3, DU145, and
LNCaP cell lines, respectively. The cDNA microarray
hybridization and quantitative RT-PCR gave similar
differences in the expression levels of the three genes
in the three cell lines (Fig. 2).

FISH

To verify the chromosomal localization of the Elongin
C gene, we first mapped the gene using the gene-
specific BAC probe and FISH. The gene mapped to
8q21 (Fig. 3A). Next, the copy number of the gene was
analyzed in the three cell lines. The PC-3 cell line
contains 6 to 12 copies of the gene and 2 to 4 copies
of chromosome 8 centromere (ratio ~3) (Fig. 3B),
whereas DU145 contains only 3 and LNCaP only 4
copies of the gene and centromere (ratio ~1). To
evaluate the frequency of Elongin C amplification in
prostate cancer, we screened 35 untreated and 35
locally recurrent hormone-refractory prostate tumors
for copy number alterations. Of the untreated speci-
mens, 12 (34%) showed low-level gain of the gene,
and none showed high-level amplification. Eight (23%)
of the 35 hormone-refractory tumors showed amplifi-
cation, and 19 (54%) showed low-level gain of the
gene (Fig. 3C).

Analyses of Breast Cancer Cell Lines

Of the breast cancer cell lines T47D, MDA426, SK-
Br-3, MDA415, ZR75-1, MCF-7, and EFM19, and
MCF10A originated from fibrocystic disease of the
mammary gland, only SK-Br-3 showed amplification
of Elongin C as evidenced by, on average, 12 Elongin
C and 1 centromere 8 signals (ratio ~12). The quanti-
tative RT-PCR analysis of the cell lines indicated that
Elongin-C was expressed about four times more in the
SK-Br-3 line compared with the other breast cell lines
(Fig. 2F).

Discussion

Development of cancer is associated with differential
expression of many genes, some of which are genet-

Figure 1.
cDNA microarray analysis of expression and comparative genomic hybridiza-
tion (CGH) analysis of chromosomal alterations of chromosome 8 (A), 10 (B),
and 14 (C) in the three prostate cancer cell lines. Previously published
(Nupponen et al, 1998a) mean cancer to normal ratio of the fluorescence
intensities with � 1 SD from pter to qter obtained are shown. The dotted
vertical lines in the CGH profiles represent ratio values of 0.85 and 1.15. CGH
analysis of the DU145 cell line indicates low-level gain of 8q and 14q together
with an amplification at 14cen-q21. The PC-3 cell line shows an amplification
of 8q, 10p12-q23, and 14q21-q24. LNCaP has no alterations on these
chromosomes by CGH. Relative expression values for the genes located in
these chromosomes are shown in the three cell lines. The distance (Mb) of the
genes from the pter of the chromosomes was retrieved from public databases.
The dotted horizontal lines in A and B indicate Elongin C, cell division cycle 2
(CDC2), and urokinase type plasminogen-activator (uPA) genes. Elongin C and
uPA are overexpressed and located in the region of amplification only in the
PC-3 cell line. CDC2 is highly expressed in all three cell lines but located in the
region of amplification in only PC-3. In chromosome 14, there was no gene
that was overexpressed and consistently located in the regions of
amplification.
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Figure 2.
A, Serially diluted standards containing cDNA transcribed from 250, 100, 20, 4, 0.8, and 0.16 ng of total RNA measured by real-time RT-PCR with Elongin C–specific
primers. Also, the negative control (H20) gives signal in late cycles because of formation of primer-dimers. B, Standard curve for Elongin C plotting fractional cycle
number at the fluorescent threshold for each standard curve presented in A. C, The relative expression value (cell line versus normal) of the topoisomerase II alpha
(TOP2A) gene according to cDNA microarray hybridization. D, The relative expression value (TOP2A versus TBP) of the TOP2A gene according to real-time RT-PCR.
E and F, The relative expression value of the Elongin C gene according to cDNA microarray hybridization (E) and real-time RT-PCR (F). G and H, The relative expression
value of the uPA gene according to cDNA microarray hybridization (G) and real-time RT-PCR (H).
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ically altered. For example, amplification of an onco-
gene is believed to lead to the overexpression of the
gene (Alitalo and Schwab, 1986). Thus, detection of
consistent overexpression of an amplified gene has
been used to recognize the true target gene of ampli-
fication (Anzick et al, 1997; Collins et al,1998; Monni et
al, 2001; Nupponen et al, 1999, 2000). Here, we used
cDNA microarray hybridization to detect overexpres-
sion of more than a thousand genes in three prostate
cancer cell lines.

To validate the detection of expression by cDNA
microarray, we also analyzed the expression of three
genes (uPA, Elongin C, and TOP2A) in the cell lines by
quantitative RT-PCR. For example, according to mi-
croarray, the highest expression of TOP2A was in
DU145, followed by PC-3 and LNCaP. Exactly the
same order and about the same differences between
the cell lines were found using quantitative RT-PCR.
The Elongin C gene, which was found to be highly
expressed only in PC-3 by microarray analysis, was
expressed more than 5 times higher in PC-3 than in
DU145 and more than 10 times higher in PC-3 than in
LNCaP, according to quantitative RT-PCR. Finally, the
cDNA microarray and RT-PCR results on expression
of uPA were in good agreement. These three exam-
ples clearly indicate the usefulness of the microarray
methodology in detection of overexpressed genes.

Because cDNA microarray hybridization was made
using mRNA from normal prostate gland as a refer-
ence, it was not surprising that many of the overex-
pressed genes in the cell lines were cell cycle–asso-
ciated genes (CDK1, CDK5, CCNB1, CCNA, TOP2A,
RPA3 CAS, and API4). Based purely on the expression
levels, it is difficult to evaluate the significance of
overexpression of any of these genes in prostate
cancer. Therefore, we compared the expression pro-
files with the DNA sequence copy profiles of the cell
lines. The goal was to find genes that were overex-
pressed in the cell lines that showed amplification of
the chromosomal regions harboring the particular
genes. When expression of the genes and CGH data
of cell lines were compared, two genes, uPA and
Elongin C, showed the most consistent overexpres-
sion together with amplification of the chromosomal
region mapping the genes.

The expression of the urokinase (uPA) gene was
four to seven times higher in PC-3 than in LNCaP and
DU145, respectively, according to cDNA microarray
hybridization, and it localized to the region of amplifi-
cation in PC-3 according to CGH. We and others
(Helenius et al, 2001; Hollas et al, 1992) have previ-
ously shown that the PC-3 cell line contains 20 to 30
copies of the uPA gene and that it is expressed more
than twice as much in PC-3 than DU145 as measured
by Northern analysis. The lack of or very low-level of
expression of uPA in LNCaP, found here by both
cDNA microarray and RT-PCR, is also in concordance
with the previous findings by Northern analyses (He-
lenius et al, 2001; Hollas et al, 1992). We have earlier
demonstrated the significance of uPA gene amplifica-
tion by showing that the PC-3 cell line is more sensi-
tive to inhibition of uPA than DU145 and LNCaP as
evaluated by Matrigel invasion assay (Helenius et al,
2001). In addition, we have shown that the uPA gene
is amplified in about 10% of hormone-refractory pros-
tate carcinomas, further indicating that uPA may be
involved in the progression of prostate cancer (Hele-
nius et al, 2001).

The overexpression of Elongin C found in PC-3 was
especially interesting because the gene is located in
8q21. The gain of 8q is one of the most common
chromosomal alterations in late-stage prostate can-
cer. By CGH, it is found in about 70% to 90% of
hormone-refractory or metastatic prostate carcino-
mas, and it seems to be associated with poor prog-
nosis (Alers et al, 2000; Cher et al, 1996; Nupponen et
al, 1998b). We and others have previously mapped the
minimal commonly amplified regions to two separate
chromosomal fragments, 8q21 and 8q23-q24 (Cher et
al, 1996; Nupponen et al, 1998b). The 8q23-q24
region contains several putative target genes for the
amplification, such as c-myc, EIF3S3, GC79, and
PSCA (Chang et al, 2000; Jenkins et al, 1997; Nuppo-
nen et al, 1999; Reiter et al, 1998). However, much
less in known about the 8q21 amplicon. According to
quantitative RT-PCR, the Elongin C was expressed
more than 5 times higher in PC-3 than in DU145 and
more than 10 times higher in PC-3 than in LNCaP.
PC-3 showed 6 to 12 copies of the Elongin C gene by

Figure 3.
Two-color fluorescence in situ hybridization (FISH) analyses of Elongin C (red)
and chromosome 8 centromere (green). A, Elongin C maps to normal
chromosome 8q21. B, interphase nuclei of PC-3 cell lines show two copies of
chromosome 8 centromere and ~6 copies of Elongin C, indicating 3-fold
amplification of the gene. C, An example of hormone-refractory tumor with six
to nine copies of Elongin C and two copies of the chromosome 8 centromere.
The chromosomes and nuclei were counterstained with 4,6-diamidino
2-phenylindole (blue).
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FISH, whereas DU145 and LNCaP showed only 3 and
4 copies of the gene, respectively. The copy number
data is consistent with spectral karyotyping analysis,
which has shown that PC-3 contains both hypotriploid
and hypopentaploid clones containing several rear-
rangements involving fragments of chromosome 8
(Pan et al, 2001). We also analyzed prostate tumors for
Elongin C amplification. About one-fifth of the
hormone-refractory tumors showed an amplification
of the gene. The frequency is slightly lower than, for
example, the frequency of an amplification of EIF3S3
(~30%) located at the other minimal region of amplifi-
cation, at 8q23 (Saramäki et al, 2001). None of the
untreated tumors showed an amplification of Elongin
C, suggesting that the amplification is associated with
the late progression of prostate cancer. The finding is
consistent with the earlier CGH studies indicating that
8q gain is a late event in the development of prostate
cancer (Visakorpi et al, 1995).

Because gain of 8q is one of the most common
gains also in breast cancer (Tirkkonen et al 1998), we
decided to analyze breast cancer cell lines for the
Elongin C gene copy number and expression. Of the
cell lines, only SK-Br-3 showed high-level amplifica-
tion of the gene. It also had the highest expression
level of the gene. According to CGH, SK-Br-3 contains
high-level amplification of the two minimal regions of
the 8q gain, 8q21 and 8q23-q24 (Kallioniemi et al,
1992). Therefore, we have previously used this cell
line, for example, as a primary model for 8q gain
(Nupponen et al,1999, 2000). The findings on the
breast cancer cell lines support the possibility that
Elongin C is a target gene for the amplification of 8q21
region.

Elongin C (alias TCEB1) is a subunit of the elongin
(SIII) complex, which activates elongation of transcrip-
tion by RNA polymerase II. The complex is a hetero-
trimer composed of A, B, and C subunits of 110, 18,
and 15 kd, respectively (Bradsher et al, 1993; Garrett
et al, 1994). Elongin A is the transcriptionally active
component of the complex, whereas Elongin B and C
are the regulatory subunits. The RNA polymerase II
has a tendency to pause at several positions down-
stream of the transcription initiation site. The binding
of Elongin A to the B/C complex results in a relief of
the pausing and a high transcript level (Aso et al, 1995;
Krumm and Groudine, 1995). The suggestion that
Elongin C could be involved in tumorigenesis comes
from studies showing that Elongin B and C bind to a
protein product of the von Hippel-Lindau tumor sup-
pressor (VHL) gene (Duan et al, 1995; Kibel et al, 1995;
Krumm and Groudine, 1995). Germline mutations in
VHL predispose to multiple forms of cancer, especially
to renal carcinomas. In addition, the majority of spo-
radic clear cell renal carcinomas contain mutations in
the VHL gene (Linehan and Klausner, 1997). VHL
mutations are frequently located in the region that
binds to Elongin B and C gene (Duan et al, 1995; Kibel
et al, 1995). Early works suggested that VHL nega-
tively regulates the transcriptional elongation by bind-
ing to Elongin C and thus preventing the formation of
the Elongin A/B/C complex. It was shown that, in

patients with defective VHL, the Elongin A/B/C com-
plex accumulates, leading to increased level of tran-
scription (Duan et al, 1995; Kibel et al, 1995; Krumm
and Groudine, 1995). However, it has recently been
suggested that mutations in VHL cause cancer by
preventing ubiquitination of hypoxia-inducible factor
alpha (HIF1�) leading to overexpression of HIF1�.
Accumulation of the HIF1� transcription factor then
leads to excessive expression of the target genes of
HIF1, such as vascular endothelial growth factor
(Kondo and Kaelin, 2001). Therefore, Elongin C might
be involved in the tumorigenesis through either regu-
lation of transcription elongation or regulation of de-
struction of HIF1�. So far, no VHL mutations have
been reported in prostate cancer. Thus, the finding of
amplification and overexpression of Elongin C, which
counteracts the VHL, is very intriguing. To our knowl-
edge, this is a first time that genetic alteration (ampli-
fication) of Elongin C has been reported in cancer.

In conclusion, cDNA microarray analysis proved to be
useful in identification of overexpressed genes in
prostate cancer. By combining data from the microar-
ray and CGH analysis, we found that Elongin C gene is
amplified and overexpressed in the PC-3 prostate
cancer cell line. FISH analysis showed that about
one-fifth of the hormone-refractory prostate tumors
contain Elongin C amplification. These findings sug-
gest that Elongin C may well be one of the target
genes for amplification of 8q21.

Materials and Methods

Cell Lines and Tissue Material

Prostate cancer cell lines PC-3, LNCaP, and DU145;
breast cancer cell lines T47D, MDA426, SK-Br-3,
MDA415, ZR75-1, and MCF-7; and MCF10A originat-
ing from fibrocystic disease of mammary gland were
obtained from American Type Culture Collection
(Rockville, Maryland). EFM19 was purchased from
DSMZ GmbH (Brauschweig, Germany). The cell lines
were cultured under recommended conditions. Thirty-
five formalin-fixed paraffin-embedded untreated pros-
tate cancer specimens from prostatectomies and 35
locally recurrent hormone-refractory prostate carcino-
mas from transurethral resection operations were ob-
tained from Tampere University Hospital. A tissue
microarray block was made from the original formalin-
fixed paraffin-embedded tumor blocks according to
published guidelines (Kononen et al, 1998). A routine
hematoxylin-eosin–stained slide was used to evaluate
the representativeness of the samples.

cDNA Microarray Hybridization

Total RNA was extracted from subconfluent cell lines
using TRIzol reagent (Life Technologies, Grand Island,
New York), and poly(A)� RNA was isolated from the
total RNA by using Qiagen’s Oligotex resin (Qiagen
GmbH, Germany). Human normal prostate poly(A)�,
which was used as a reference in each hybridization,
was purchased from Clontech Laboratories Inc. (Palo
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Alto, California). Cy3- and Cy5-labeled cDNA probes
were synthesized from two micrograms of poly(A)�

RNA using a Micromax Direct cDNA Microarray sys-
tem (NEN Life Science Products, Inc., Boston, Mas-
sachusetts) except for the cDNA synthesis primers,
which were replaced by CDS Primer Mix (Clontech
Laboratories Inc.). After the synthesis, combined Cy3
and Cy5 probes were purified and concentrated by
using Microcon YM-30 columns (Millipore Corpora-
tion, Bedford, Massachusetts). The probe mix was
then added to GlassHyb Hybridization Solution (Clon-
tech Laboratories Inc) and denatured at 90° C for 2
minutes and hybridized to Atlas Glass Human 1.0
Microarray slides (Clontech Laboratories Inc.) under
coverslips. The hybridization was performed in a moist
chamber at 50° C for 16 hours, after which the slides
were washed with GlassHyb Wash Solution, 1� SSC,
and 0.1� SSC according to the Atlas Glass Microar-
rays User Manual (Clontech Laboratories Inc.). The list
of the 1081 genes on the Atlas Glass 1.0 Array slide is
available through the manufacturer’s website
(http://www.clontech.com/atlas/genelists/index.shtml).

The fluorescence intensities of Cy3 and Cy5 were
measured by using a ScanArray 4000 laser confocal
scanner (GSI Lumonics, Billerica, Massachusetts). The
local background of each spot was subtracted. Next,
the upper 95% confidence interval of average signal
intensities of the negative controls (8 spots of � DNA
and 24 spots of buffer) was calculated and sub-
tracted from the signal values of the rest of the
spots. The slides contained eight spots of house-
keeping genes. The mean signal value of the house-
keeping genes was used for normalization (the ratio
of mean expression of housekeeping genes in a cell
line and reference equals 1).

RT-PCR

Total RNA from the subconfluent cell lines was ex-
tracted using TRIzol reagent (Life Technologies) and
was used for the first-strand cDNA synthesis with
Superscript II reverse transcriptase and oligo d(T)12–18

primer according to the manufacturer’s protocol (Life
Technologies). For preparing the standard curve, 5 �g
of total RNA of normal prostate (Clontech Laboratories
Inc.) was reverse transcribed. After the first-strand
cDNA synthesis, serial dilutions were made to corre-
spond to cDNA transcribed from 250, 100, 20, 4, 0.8,
and 0.16 ng of total RNA. Primers and probes for
Elongin C, urokinase (uPA), TOP2A, and TBP genes
are given in Table 1. To avoid amplification of any
genomic DNA, the forward and reverse primers for
each gene were chosen from different exons.

The PCR reactions were performed in the LightCy-
cler apparatus (Wittwer et al, 1997) using either the
LC-FastStart DNA Master SYBR Green I Kit (for Elon-
gin C) or the LC-FastStart DNA Hybridization Probes
Kit (for uPA, TOP2A, and TBP) (Roche Diagnostics,
Mannheim, Germany). Thermocycling for the analysis
of TBP and uPA genes was performed as previously
described (Helenius et al, 2001; Linja et al, 2001). For
Elongin C, the reaction was performed in a final

volume of 20 �l containing 2 �l of cDNA sample (or
standard), 4 mM MgCl2, 0.5 �M of each primer, as well
as 1� ready-to-use reaction mix including Taq DNA
polymerase, reaction buffer, dNTP mix, and SYBR
Green dye. After 10 minutes of initial denaturation at
95° C, the cycling conditions of 45 cycles consisted of
denaturation at 95° C for 15 seconds, annealing at
59° C for 5 seconds, and elongation at 72° C for 11
seconds. The PCR cycles were followed by melting
curve analysis according to the manufacturer’s proto-
col (Roche Diagnostics). The LightCycler apparatus
measured the fluorescence (SYBR Green) of each
sample in every cycle at the end of the elongation
step. For TOP2A, the reactions were performed in a
final volume of 20 �l containing 2 �l of cDNA sample
(or standard), 4 mM MgCl2, 0.5 �M of each primer, 0.2
�M of fluorescein, and 0.4 �M LC Red640-labeled
probes as well as 1� ready-to-use reaction mix in-
cluding Taq DNA polymerase, reaction buffer, and
dNTP mix. After 10 minutes of initial denaturation at
95° C, the cycling conditions of 55 cycles consisted of
denaturation at 95 C° for 10 seconds, annealing at
56 C° for 10 seconds, and elongation at 72 C° for 25
seconds. The LightCycler apparatus measured the
fluorescence of each sample in every cycle at the end
of the annealing step. After background adjustment,
the software produced the standard curve by measur-
ing the crossing point of each standard and plotting
the points against the logarithmic values of concen-
trations. The expression levels of Elongin C, uPA, and
TOP2A were normalized by the housekeeping gene
TBP as earlier described (Linja et al, 2001). After the
PCR, every sample was also run in an agarose gel
electrophoresis to ensure the amplified product was
the correct size. In addition, the melting curve analysis
was used to ensure the purity of the amplified PCR
product of Elongin C.

FISH

A human genomic BAC clone containing the Elongin C
(RP11-367E12) gene was obtained from Research
Genetics (Huntsville, Alabama). The authenticity of the
clone was verified by PCR with Elongin C–specific
primers (forward 5'-acc tat ggt ggc tgt gaa gg-3', and
reverse 5'-agg tgc aat tgg gaa ttc ag-3'). The FISH
analysis on metaphase preparations from normal lym-
phocytes and the cancer cell lines was performed as
previously described (Nupponen et al, 2000). For the
analysis of prostate tumors, a 5-�m section from the
tissue microarray block was cut onto a SuperFrost
Plus slide (Menzel-Gläser, Braunschweig, Germany)
and used for FISH analysis as essentially described
earlier (Saramäki et al, 2001). Briefly, a locus-specific
BAC probe and a pericentromeric probe for chromo-
some 8 (pJM128) were labeled by nick translation with
digoxigenin and fluorescein-isothiocyanate, respec-
tively. The deparaffinized slides were pretreated with 1
M NaSCN for 10 minutes at 80° C, followed by incu-
bation in 4 mg/ml pepsin (Sigma P-7012 [St. Louis,
Missouri], in 0.9% NaCl, pH 1.5) for 5 minutes at
37° C. After hybridization for 2 to 3 days at 37° C, the
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slides were washed, and the locus-specific probes
were detected immunohistochemically by antidigoxi-
genin rhodamine. The slides were counterstained with
0.1 M 4,6-diamidino 2-phenylindole in Vectashield
antifade solution (Vector Laboratories Inc., Burlin-
game, California).

The FISH signals were scored from nonoverlapping
epithelial cells using an Olympus BX50 epifluores-
cence microscope (Tokyo, Japan). A Photometrics
CCD camera (Photometrics, Tuscon, Arizona) and
IPLab software program (Scananalytics Inc., Fairfax,
Virginia) were used to capture images. The tumors
were classified into three groups: normal (two copies
of the gene and centromere signals per cell), low-level
gain (three to four copies per cell), and high-level
amplification (five or more copies of the genes per cell
or signal clusters).
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