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ABSTRACT

The transition from androgen-dependent to aggressive androgen-inde-

pendent growth is an important development in prostate cancer, and the
identification of genes expressed differentially between these two pheno-

types could provide new therapeutic targets as well as prognostic markers.
Using a subtractive approach designated linker capture subtraction, we
have now isolated several genes expressed differentially between the hu
man prostate carcinoma cell lines LNCaP and PC-3, which are androgen-
dependenl and androgen-independent, respectively. In addition to 10

known genes that may be involved in signal transduction, tumor growth,
tumor invasion, and metastasis, 3 novel genes were isolated. One of these,
designated NPG-1, was expressed by the majority of primary tumors
examined. Moreover, the degree of NPG-1 expressed correlated with an

aggressive histopathology.

INTRODUCTION

Prostate growth, from normal to neoplastia, can be viewed as a
change from paracrine regulation of epithelial growth to autocrine
regulation (1). Additionally, prostate cancers, especially advanced
tumors, are frequently insensitive to the normal mitogenic action of
growth factors, suggesting that prostate cancer expresses constitu-
tively one or more of those genes up-regulated by growth factors. The

identification of genes expressed differentially in prostate cancers of
dissimilar phenotypes could give clues to genes important in malig
nant transformation and progression. Moreover, these genes could
serve as prognostic and diagnostic markers as well as new targets for
therapy. However, the identification of growth-regulatory genes in

prostate cancer has been difficult and has lagged behind comparable
studies in other cell types.

Methods to identify differentially expressed genes in other tissues
have included differential screening of cDNA libraries, various forms
of subtractive hybridization, and, most recently, differential display
(2). Subtractive hybridization using conventional methods has met
with some success but is difficult to carry out. This has led to a series
of developments in which PCR has been applied (3-5). Differential

display, although a powerful method, is hampered somewhat by its
preferential isolation of 3' untranslated regions. Some advances have

been made in isolating genes expressed preferentially in prostate
cancer versus normal tissue (6-8). Less data exist regarding differ

ential expression of novel genes in human prostate cancers of different
growth and metastatic potential (9).

We have developed a rapid, highly advanced method of gene
cloning designated LCS3 that allows the identification of genes ex

pressed differentially in related cell types. We have used this method
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to prepare two subtraction libraries and have previously demonstrated
its use in identifying two genes expressed in the highly malignant and
androgen-insensitive human prostate cancer cell line PC-3 or in the
cell line LNCaP, an androgen-sensitive cell line with markedly less

invasive potential (10). We now report the identification of 11 addi
tional differentially expressed genes, some of which may play a role
in determining phenotypic properties. Among these are three novel
prostate genes, NPG-1, NPG-2, and NPG-3. We found that NPG-1 is

highly expressed in primary human prostate tumors and is correlated
with an aggressive histopathology.

MATERIALS AND METHODS

Cell Lines and Tissue Samples. Human prostate cancer cell lines LNCaP
and PC-3 (American Type Culture Collection, Rockville, MD) were cultured
in RPMI 1640 with 10% fetal bovine serum, 95% air:5% CO, at 37Â°C.Fixed

and embedded surgical samples of human prostate cancer and normal prostate
tissue were acquired from the Department of Pathology at Beth Israel Dea
coness Medical Center (Boston, MA).

RNA Isolation and cDNA Preparation. Total RNA was isolated by a
guanidinium thiocyanate-phenol method (II). Polyadenylated RNA was se
lected through oligo(dT)25-Dynabeads (Dynal. Inc., Lake Success, NY).
cDNA was synthesized from 2 fig of polyadenylated RNA using the Super-

Script Choice System (Life Technologies, Inc.. Gaithersburg, MD) according
to the manufacturer's instructions. Oligo(dT)|2_18 was used to prime the first

strand of cDNA synthesis.
LCS. The detailed method was reported by Yang and Sytkowski (10).

Briefly, 2 /Â¿gof each of two RNA populations were converted to double-

stranded cDNAs, fragmented with Alul and Rsal. and ligated to linkers that had
a blunt end and a two-base 3' protruding end. ACTCTTGCTTGGAC-

GAGCTCT and ACTGAGAACGAACCTGCTCGAGA-p. The linker con

tained an AluVSacl site near the blunt end as indicated. The top strand was
designated the AP. The cDNAs were amplified by PCR using AP as the
primer. The reaction (100 /j.1)contained 10 mM Tris-HCl (pH 8.9), 50 min KC1,
0.1% Triton X-100, 200 JAMdeoxynucleotide triphosphates, l /J.MAP, 2 mM

MgCl2. 1 Â¿ilof melted agarose, and 5 units of Taq polymerase (Promega,
Madison, WI), running for 30 cycles (94Â°C.1 min; 55Â°C,I min; 72Â°C,I min).

The amplified cDNA fragments were purified using Gene-Clean (BiolOl,

Vista, CA). To prepare the driver, the amplified DNA was digested with Alul
and Sad intensively to remove the linker.

The digested driver DNA (2.5 /Â¿g)and nondigested tester DNA (0.1 /xg)
were mixed, dried, and redissolved in 4 pd of a buffer containing 15 mM
W-(2-hydroxy ethyl)piperazine-W-(3-propane sulfonic acid) (pH 8.0) and 1.5

mM EDTA, overlaid with mineral oil, and denatured by heating for 5 min at
100Â°C.One /Â¿Iof 5 M NaCl was added, and the DNA was hybridized for 20 h
at 67Â°C.After hybridization, 20 p.1 of pH-shift buffer A [1 mM ZnCU and 10

mM sodium acetate (pH 5.0)] were added, and the solution was divided into
five aliquots. They were incubated with 0, 0.85, 1.75, 3.5, or 7 units of mung
bean nuclease (Promega), respectively (37Â°C,30 min). Eighty /nl of pH-shift

buffer B [10 mM Tris-HCl (pH 8.9), 50 mM KC1, and 0.1% Triton X-100] were
added to each sample. They were heated (95Â°C,5 min) to inactive the mung

bean nuclease. Then, 20 Â¿dof enzyme solution [10 mM Tris-HCl (pH 8.9), 50
mM KC1, 0.1% Triton X-100, 1 mM deoxynucleotide triphosphates, 5 Â¿IMAP,

10 mM MgCl2, and 5 units of Taq polymerase (Promega)] were added. The
PCR reaction was run under the same conditions as described above. Each
sample was electrophoresed on a 2% agarose gel. The sample with the most
abundant products of 0.1-1.0 kb was selected as the tester for another round of

subtraction.
After three rounds of subtraction, the PCR-amplified products were puri-
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Fig. 1. Dot-blot screening assay for differentially expressed genes. In the example
shown, colonies from the L-P library were picked randomly. Replica DNA dot-blots were
prepared, and filters were probed with labeled driver DNA from PC-3 cells (left pane!) and

LNCaP cells (righi panel}. Note the numerous clones differentially expressed by LNCaP
cells, as expected. A similar experiment was carried out using the P-L library.

fied, digested with Sad, inserted into dephosphorylated pGEM-7Zf( + ) (Pro-

mega) at the Sad site, and transformed into competent Escherichia coli JM109
cells. We prepared two subtractive libraries [LNCaP (tester)/PC-3 (driver),
L-P; PC-3 (tester)/LNCaP (driver), P-L] in this way.

Screening and Sequencing. White colonies from each library were picked
randomly and inoculated into LB + Amp medium in individual wells of a
96-well plate. Two replica DNA dot-blots were prepared on GeneScreen Plus

filters (DuPont New England Nuclear, Boston, MA) using 25 jj.1of bacterial
cells/well. The replica dot-blots were processed according to Brown and

Knudson (12) and probed with random-labeled driver DNAs from LNCaP and
PC-3, respectively.

Candidate positive colonies were boiled for 5 min in 20 Â¿tlof H,O and
centrifuged. DNA in the supernatant was amplified by PCR using universal
vector primer T7 and SP6 for 20 cycles of 94Â°Cfor 1 min, 55Â°Cfor 1 min, and
72Â°Cfor 1 min. The PCR products were electrophoresed on 2% agarose. The

desired bands were excised and purified (Gene Clean). The products were
subjected to direct DNA sequencing (13) and used as probes in Northern blot
analyses.

Northern Blot Analysis. Five /ig of total RNA were fractionated by
electrophoresis on a 1% agarose gel containing formaldehyde and transferred
to Gene Screen Plus membrane. The inserts from isolated clones were used to
prepare the probe. The probe was 12P-labeled to specific activities of approx
imately 5 x IO8 cpm//ng using a random prime DNA labeling kit (Life

Technologies, Inc.). Membranes were hybridized with the probes in a solution
containing formamide, dextran sulfate, and 2X prehybridization/hybridization
solution (Life Technologies, Inc.) at 42Â°Cfor 24 h; washed once in 1X SSC

and 01% SDS at room temperature for 20 min; and then washed twice in 0.2 x
SSC and 0.1% SDS at 55Â°Cfor 22 min. The blots were exposed to Kodak

X-matAR film (Eastman Kodak Co., Rochester, NY). Quantification was

performed by densitometric analysis of the blots with UltroScan XL (Pharma
cia LKB, Uppsala, Sweden).

In Situ Hybridization for NPG-1 Expression. One ^g of recombinant
pGEM-7Zf( + ) (Promega) containing the 400-bp insert of NPG-1 was used as

a template to generate antisense and sense transcripts. Plasmids were linearized
with the appropriate enzymes and transcribed using SP6 and T7 RNA polym-
erase for l h at 37Â°Cin IX transcription buffer (Promega), 10 min DTT, 40

units of RNase inhibitor, and 1 mM each of ATP, CTP, and GTP as well as 1
niM of a mixture of cold UTP and digoxigenin-UTP (6.5 and 3.5 mM, respec

tively) to generate sense and antisense RNAs. The presence of a single band on
a 1% agarose gel in which the precipitated probe was run was confirmed before
the use of the riboprobe.

In situ hybridization with digoxigenin-labeled NPG-1 was performed on an

automated instrument (Gen II: Ventana Medical Systems, Tucson, AZ) in
which the duration and temperature of all of the steps are standardized.
Five-jj.m formalin-fixed paraffin-embedded prostate sections were dewaxed,
rehydrated, and digested with proteinase K (50 jag/ml) in l M Tris-EDTA
buffer (pH 8) for 8 min at 37Â°C.Hybridization with riboprobes (sense and
antisense) was performed at 42Â°Cfor l h applying 10 pM of digoxigenin-

labeled riboprobe in 100 ju.1of hybridization buffer (50% deionized formamide,
2X SSC, 10% dextran sulfate, 1% SDS, and 250 Â¿ig/mldenatured herring
sperm DNA) per section under a liquid coverslip. The ideal hybridization and
stringency conditions are partially based on sequence but usually have to be
determined empirically because of different methods of tissue preservation,

L P

B
L P L P L P

a
Fig. 2. Northern blot confirms the differential expression of candidate positive gene by

LNCaP cells (L) or by PC-3 (P) cells. Total RNA from either cell type was probed with
radiolabeled cDNA from each candidate positive. Top, autoradiogram; bottom, ethidium
bromide-stained gel. A. the example shown corresponds to NPG-1. B. similar Northern
analyses were carried out for each candidate positive selected, a-c, different positive
clones.

Table 1 Genes expressed differentially in human prostate cancer celi lines LNCaP and
PC-3: delected b\- LCS

Clone12345678910111213DNA
sequence Transcript size,

identification(kb)PSA*Vimentin'1Annexin

IICalcyclinpl6'NK4(MTS-l)hSP56Undine

phosphorylaseKeratin
K7Ferrintin

(lightchain)a-EnolaseNPG-1NPG-2NPG-31.82.01.80.60.81.92.0,1.62.31.52.02.00.81.9Insert

size
(bp)34779187205180230216146189148400197223Expression

ratio
LNCaP:PC-3">100<O.OI<O.OI<0.01â€¢C0.01>100<0.010.070.250.33>100>1000.07

" Integrated absorbance units (IAU) were generated by quantitative two-dimensional

laser densitometric scanning of autoradiograms prepared from Northern blots. The ex
pression ratio = LNCaP IAU/PC-3 IAU >100 signifies no transcript detected in PC-3
cells. <0.01 signifies no transcript detected in LNCaP cells.

''Reported previously (10).
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Fig. 3. NPG-l expression in primary human

prostate carcinoma, a, H&E stain of the cancerous
portion of the gland (7, tumor cells; N, normal
tissue), b, in situ hybridization using the antisense
riboprobe to NPG-l mRNA. Note the intense signal
from the tumor (7"). Normal tissue (N) exhibits a

signal in the basal epithelial layer (inset), but not in
secretory cells. Sense riboprobe gave no signal (see
"Materials and Methods" and "Results and Discus
sion"), c, H&E stain of the noncancerous portion of

the same gland, d, in situ hybridization of the
noncancerous portion using the antisense riboprobe
to NPG-l mRNA. Note the intense signal only
from basal epithelial cells.
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fixation, and abundance of target. Thus, to establish the appropriate conditions
for NPG-l, we progressively increased stringency washes after the initial
low-stringency 42Â°C hybridization. Hybridization was followed by four

washes of decreasing amounts of SSC up to 0. IX SSC until there was a
complete loss of signal for the sense probe. Alkaline phosphatase-conjugated
antidigoxigenin antibody (1:500) was applied for 28 min at 37Â°C.Detection

was accomplished with nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl

phosphate as a substrate for 8 min. Hybridization controls were performed
pretreating tissue sections with RNase A for l h at 37Â°C.Expression of NPG-l,

when present, was found throughout the tumor. Sections were evaluated for
intensity of staining, which was scored as 0, 1+, 2 + , or 3+ by two independ
ent observers. The joint variation of Gleason grade with NPG-l expression was

measured through calculation of the correlation coefficient (r) using the Fisher
transformation.

RESULTS AND DISCUSSION

We demonstrated previously that LCS achieves a very strong
enrichment of differentially expressed sequences (10). Therefore, we
picked white colonies randomly from each of the libraries for further
study. We prepared replica DNA dot-blots and probed them with the
radiolabeled driver DNAs from LNCaP or PC-3, respectively (Fig. 1).

A visual comparison of the hybridization intensity of each clone in the
two replica membranes revealed the relative abundance of the tran
script in LNCaP and PC-3 and was used to identify candidate posi

tives.
Differential expression of candidate positives was confirmed by

Northern analyses of LNCaP and PC-3 RNA using isolated clones as
probes (Fig. 2, A and B). Laser scanning densitometry of the autora-
diograms was used to quantify steady-state transcript levels. The

degree of differential expression of 13 confirmed positives was quan
tified by laser scanning densitometry and found to range from sever-
alfold to greater than 100-fold (Fig. 2, A and B; Table 1).

We determined the partial DNA sequences of the isolated cDNAs
and carried out homology searches in GenBank using BLAST (Table
1). Of the 13 genes identified thus far, 10 are known, and 3 are novel
(Table 1). As we reported previously, PSA was expressed in LNCaP
cells but not in PC-3 cells, whereas vimentin was expressed in PC-3

cells but not in LNCaP cells.

Among the other known genes, PSA and the human selenium-

binding protein hSP56 were expressed preferentially by LNCaP cells,
whereas vimentin, annexin II, calcyclin, pl6'NK4 (MTS-1), uridine

phosphorylase, keratin K7, ferritin (light chain), and a-enolase were
expressed preferentially by PC-3 cells. Interestingly, three novel

genes (which exhibited no significant homology to GenBank se
quences) were identified. We have designated them novel prostate
gene 1, 2, and 3 (NPG-l, NPG-2, and NPG-3). Both NPG-l and
NPG-2 were expressed only by LNCaP cells. In contrast, NPG-3
expression was much higher in PC-3 cells.

To begin to examine the expression of these genes in primary tumor
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Fig. 4. Correlation of NPC-I expression level with histopathological Gleason grade in

28 primary tumor specimens. Each point represents a different tumor.
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tissue, we carried out in situ hybridization on fixed tumor samples
using a probe derived from NPG-ÃŒ.Experimental conditions were
established such that an optional signal was achieved using the anti-

sense riboprobe, whereas the sense riboprobe gave no signal under the
same conditions (data not shown; see "Materials and Methods").

NPG-1 was found to be expressed in 23 of 28 tumors examined. As
seen in Fig. 3, NPG-l was highly expressed in the cancerous portion

of the prostate. However, in the adjacent normal portion of the gland,
NPG-l expression was restricted entirely to the basal epithelial cell
layer. In this and other tumor specimens studied (see below), NPG-l

expression was essentially homogeneous throughout. That is, in those
tumors where NPG-l was expressed, essentially all tumor cells ex

pressed it, with little variation in intensity among individual cells.
The degrees of NPG-l expression in the cancerous portion corre

lated with an aggressive histopathology. The tumor samples had
previously and independently been graded according to the Gleason
criteria (14). NPG-l expression was quantified according to a scale of

0, 1+, 2+, or 3+ established previously for gene expression demon
strated by in situ hybridization (Ref. 15; Fig. 4).

Statistical analysis of these results revealed a positive correlation
between the Gleason grade and the degree of NPG-l expression
(correlation coefficient r = 0.463) that was statistically significant
(P = 0.02).

In this study, we have hypothesized that the rapid and efficient
isolation of genes expressed differentially between two phenotypi-

cally different forms of human prostate cancer would result in the
identification of genes encoding important growth-regulatory proteins

as well as proteins that can serve as therapeutic targets and as
diagnostic and prognostic markers. In our original experiments in
developing LCS (10), the first candidate gene isolated proved to be
PSA, a gene known to be expressed in LNCaP cells but not in PC-3

cells. This fortuitous early validation of our method prompted the
present series of experiments. The results presented here serve to
illustrate the wide array of genes expressed differentially in human
prostate cancer. Interestingly, those genes identified thus far using
only a single sampling of the enriched libraries are from several
functional categories, including structural proteins, growth regulators,
and signal transduction elements as well as novel genes.

The elucidation of the role of each of these in the cancer cell
phenotype is beyond the scope of this first series of experiments.
Rather, we chose to investigate the expression of one of the novel
prostate genes, NPG-l, by primary tumors. In this regard, two aspects
are noteworthy: (a) NPG-l expression was found in the large majority

of primary tumors examined, and there was a significant correlation
between the degree of expression and the Gleason grade of the tumor.
This suggests that NPG-l may prove useful as a diagnostic and/or
prognostic marker; and (b) whereas NPG-l expression was strong in

the cancerous portion of the gland, within the normal tissue it was
restricted to cells in the basal epithelial layer. It has been proposed that
this layer contains the relatively undifferentiated prostatic stem cell
(16, 17). This pattern of expression supports the hypothesis that at
least some prostate cancers may arise from such immature cells.
Additional studies will be required to elucidate the function of the
NPG-l gene product and the other differentially expressed genes in

determining the malignant phenotype.
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