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ABSTRACT

Low levels of dietary selenium are associated with increased risk of
malignancy of several organs, including the prostate. Using a subtractive
approach called linker capture subtraction, we have found that the human
selenium-binding protein gene HSP56 is differentially expressed by the
relatively slow-growing, androgen-sensitive prostate cancer cell line IV
CaP but not by the more rapidly growing androgen-insensitive lines PC-3

and DU 145. We confirmed this differential expression by Northern blot
analysis. Importantly, HSP56 expression by LNCaP cells was reversibly
down-regulated by exogenous androgen in a concentration-dependent
manner. Marked differences in steady-state hSP56 inRNA levels were

found in a variety of normal and neoplastic human cells that were exam
ined. HSP56 expression was especially high in normal tissues that appear
to benefit from the cancer-protective action of dietary selenium and was

low in many neoplastic cells. The results suggest that HSP56 may play a
role in determining the neoplastic phenotype.

INTRODUCTION

Selenium is a trace element that is essential for a number of
biological processes (1, 2). It was first associated with cancer risk
more than two decades ago (3, 4). Indeed, a deficiency of dietary
selenium is associated with an increased incidence of a number of
malignancies, including cancers of liver, lung, colon, prostate, and
pancreas (5-10). The relationship of selenium to cancer was recently

underscored by a clinical trial in which supplementation of dietary
selenium for cancer prevention resulted in significant reduction in
total cancer mortality, total cancer incidence, and incidences of pros
tate, lung, and colorectal cancer (11). However, despite the strong
association of selenium deficiency with malignancy, the precise
mechanism of this effect is not understood.

Selenium-containing proteins are of two general classes. First, true

selenoproteins contain selenium in the form of selenocysteine, which
is integrated into the polypeptide chain. Examples include glutathione
peroxidase (12), selenoprotein P (13), and thioredoxine reducÃase
(14). Second, there are selenium-binding proteins. Members of this

heterogeneous group are identified by virtue of their ability to bind
selenium. Examples of these include liver fatty acid-binding protein

(15), protein disulfide isomerase (16), and SP56 (17, 18). The mode of
binding of selenium to these proteins is not well characterized, and for
the most part, the functional significance of the selenium binding is
not known. Therefore, a relationship of these proteins to the neoplastic
process remains to be established.

Recently, we developed a highly efficient method for isolating
genes expressed differentially by similar cell types (19). We have
begun to apply this method, designated LCS,1 to human prostate

cancer in an effort to identify genes expressed differentially in highly
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aggressive forms and in more indolent varieties. We now report that
hSP56 (20), the human homologue of SP56 (17, 18), is expressed by
the relatively slow-growing, androgen-sensitive human prostate can

cer cell line LNCaP but is not expressed by either of two more rapidly
growing androgen-insensitive human lines. PC-3 and DU 145. More
over, hSPSo expression in LNCaP cells is down-regulated reversibly

by androgen. Its expression levels in normal human tissues suggest a
possible link to malignancies associated with selenium deficiencies.

MATERIALS AND METHODS

Cell Lines and Culture Conditions. Human prostate cancer lines LNCaP.
PC-3, and DU 145 (American Type Culture Collection. Rockville. MD) and
normal human B-lymphoid cell line B142 (kindly provided by Dr. DiCioccio.

Roswell Park Cancer Institute. Buffalo, NY) were cultured in RPMI 1640 with
10% FBS in 95% air-5% CO2 at 37Â°C.In some experiments, cells were grown

under the same conditions, except that 10% androgen-depleted DCS (HyClone.

Logan. UT) was used instead of normal FBS. For the androgen regulation
experiments, specified concentrations of DHT (Sigma Chemical Co.. St. Louis,
MO) were added to the medium containing 10% DCS.

RNA Isolation and cDNA Preparation. Total RNA was isolated by a
guanidinium thiocyanate/phenol method (21). Poly(A) + RNA was selected

through oligo(dT)25-Dynabeads (Dynal Inc.. Lake Success. NY). cDNA was
synthesized from poly(A)+ RNA using a Superscript Choice System (Life
Technologies. Inc.. Gaithersburg. MD) according to the manufacturer's instruc

tions. Oligo(dT)|,_|S was used to prime the first strand of cDNA synthesis.
LCS. The original method was reported by Yang and Sytkowski (19). Briefly,

2 Â¿Agof each of two mRNA populations prepared from LNCap or PC-3 cells were
converted to double-stranded cDNAs, fragmented with Alu\ and Rsal. and ligated
to linkers that had a blunt end and a 2-base 3' protruding end: ACTCTTGCTT-

GGACGAGCTCT and ACTGAGAACGAACCTGCTCGAGA-p. The cDNAs

were amplified by PCR using the first strand (designated AP) as the primer. The
reaction (100 /xl) contained 10 mM Tris-HCl (pH 8.9), 50 mM KC1, 0.1% Triton
X-100.200 /UMdNTPs, 1 JAMAP, 2 mM MgCU, 1 /*!of melted agarose, and 5 units
of Taq polymerase (Promega). running for 30 cycles (94Â°Cfor 1 min, 55Â°Cfor 1
min. and 72Â°Cfor I min). The amplified cDNA fragments were purified using a

Gene-Clean kit (BiolOl, Vista. CA). To prepare driver, the amplified DNA were

digested with Alul and Sad intensively to remove the linker.
The digested driver DNA (2.5 p.j>) and nondigested tester DNA (0.1 /ng)

were mixed, dried, and redissolved in 4 Â¿dof a buffer containing 15 mM
/V-(2-hydroxyethyl)piperazine-/V'-(3-propane sulfonic acid) and 1.5 mM EDTA

(pH 8.0), overlaid with mineral oil, and denatured by heating for 5 min at
100Â°C.One fi\ of 5 M NaCl was added, and the DNA was hybridized for 20 h
at 67Â°C.After hybridization. 20 jxl of pH-shift buffer A [1 mM ZnCK and 10

mM Na acetate (pH 5.0)] was 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, at 37Â°Cfor 30 min. To each sample was

added 80 /Â¿Iof pH-shift buffer B [10 mM Tris-HCl (pH 8.9), 50 mM KC1, and
0.1% Triton X-100). They were heated (95Â°Cfor 5 min) to inactive the mung

bean nuclease. Then 20 ^il of enzyme solution [10 mM Tris-HCl (pH 8.9). 50
mM KC1. 0.1% Triton X-100, 1 mM dNTPs, 5 JU.MAP, 10 mM MgCU, and 5

units of Taq polymerase (Promega)) was added. The PCR was run under same
conditions as above. Each sample was electrophoresed on 2% agarose gel. The
sample with the most abundant products of 0.1-1.0 kb was selected as tester

for another round of subtraction.
After three rounds of subtraction, the PCR-amplified products were puri

fied, digested with Sad. inserted into pGEM-7Zf( + ) (Promega), and trans

formed into Escherichia coli JM109 cells. White colonies were picked ran
domly and inoculated into LB + Amp medium in individual wells of a 96-well
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plate. Two replica DNA dot-blots were prepared on GeneScreen Plus filters
using 25 fil of bacterial cells per well. The replica dot-blots were processed
according to Brown and Knudson (22) and probed with random-labeled driver
DNAs from LNCaP and PC-3, respectively. Candidate positive colonies were

boiled for 5 min in 20 /xl of H2O 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 (23) and
were used as probes in Northern blot analysis.

Northern Blot Analysis. Five Â¿igof total RNA were fractionated by
electrophoresis on 1% agarose gel containing formaldehyde and transferred to
GeneScreen Plus membrane (DuPont). Human multiple tissues and cancer cell
line Northern blots 7759-1. 7760-1. and 7757-1 were purchased from Clontech

(Palo Alto. CA). The inserts from isolated clones were used to prepare probes.
The probes were '2P-labeled to specific activities of ~5 X 10" cpm//ig using

a random-prime DNA labeling kit (Life Technologies. Inc.. Gaithersburg.

MD). 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-O.I<7r SDS

at room temperature for 20 min, and then twice in 0.2 X SSC-0.1% SDS at
55Â°Cfor 20 min. The blots were exposed to Kodak X-Omat AR film (Eastman

Kodak. Rochester, NY). Quantification was carried out by laser densitometric
analysis (UltroScan XL, Pharmacia LKB. Uppsala. Sweden).

Southern Blot Analysis. Genomic DNA was extracted from cell lines
LNCaP. PC-3, DU145, and B142 according to Sambrook et al. (24). DNA
samples (10-15 Â¿tg)were digested with restriction enzyme EcoRl or Hindlll.

electrophoresed in 0.8% agarose, and transferred to GeneScreen Plus mem
brane (DuPont). The filter was hybridized to a 12P-labeled probe and further

processed as described above.

RESULTS

Differential Expression of a Selenium-binding Protein Gene
hSP56 between Androgen-sensitive (LNCaP) and Androgen-in-
sensitive (PC-3 and DU 145) Human Prostatic Carcinoma Cells.

We used LCS (19) to isolate genes expressed differentially, either by
the human prostate cancer cell line LNCaP, a relatively slow growing
androgen-sensitive line, or by PC-3, a more rapidly growing andro-
gen-insensitive line. Among the several genes isolated thus far, DNA
sequence analysis identified one as nt 2-230 of hSP56 (20). the human
homologue of selenium-binding protein gene SP56. Our sequence

revealed an additional G residue 6 nt upstream of the ATG start codon
(Fig. 1). The LCS screening procedure indicated that hSP56 was
expressed by LNCaP more abundantly then by PC-3 (data not shown).

AP56 is an SP56 homologue shown in murine systems to bind
metabolites of acetaminophen. It exhibits a high degree of of homol-

ogy to murine SP56, differing by only 24 nt within the 1419 nt coding
region. Northern blot analyses reportedly cannot distinguish between
the SP56 and AP56 transcripts, but RT-PCR has been successful (18).

Because the human AP56 gene, if one exists, has not yet been isolated,

3C TACGAAATGT GGGAATTGTG GACCCGGCTA

L P D

GTACCAGTCG GCAGC

CTCCACCCCT CTCGAGGCCA TGAAAGGACC CAGGGAAGAG ATCGTCTACC

TGCCCTGCAT TTACCGAAAC ACAGGCACTG AGGCCCCAGA TWCTGGCC

ACCTCTGGATG TTGACCCCAA GTCTCCCCAG TATTGCCAGG TCATCCACCG

Alul
GCTGCCCATG CCCAACCTGA AGGACGAGCT

Fig. 1. Nucleotide sequence of the partial cDNA isolated in these studies and identified
as hSPSfi. Underlined sequences. Rsa\ (nt 1-41 and Alni (ni 227-30) restriction sites used
in LCS. Box. ATG start codon. *, additional G base that we detected in our DNA sequence
analysis.

kb

1.9-
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Fig. 2. Differential expression of hSP56 by human prostate cancer cell lines LNCaP
(Lane Li, PC-3 (Lane Pi. and DU 145 (Lane D). Top. Northern blot; bottom, ethidium
bromide-stained gel.

hSP56

ÃŸ-actin Â»

Â© 0 1 2 4 24 + DHT, hrs

FBS DCS
Fig. 3. Androgen down-regulates hSPSfi expression by LNCaP. Replicate cultures of

cells were grown in RPM1 1640 supplemented with 10% FBS (Lane Â©).The medium was
changed to androgen-depletcd DCS, and cells were cultured for 24 h (Lane 0}. Then II)
nM DHT was added for 1. 2. 4. or 24 h (Lanes I. 2. 4. or 24. respectively). Note profound
down-regulation of hSP56 by exogenous androgen. Human ÃŸ-actinprobe was used to

demonstrate loading of the gel.

studies of ItSPSo expression either at the mRNA or protein level must
be interpreted carefully. Indeed, we propose that human hSP56 tran
script should be considered as SP56/AP56 until the presumed human
AP56 is cloned and sequenced.

We confirmed differential expression of HSP56 (SP56/AP56) in
human prostate cancer cell lines by Northern blot analysis. Total
cellular RNA from androgen-dependent LNCaP and from androgen-
independent PC-3 and DU 145 cells was electrophoresed, transferred
to GeneScreen Plus, and probed with "P-labeled HSP56 cDNA (Fig.

2). A single, relatively abundant 1.9-kb transcript was detected in

LNCaP cell RNA. In contrast, no transcript was detected in either
PC-3 or DU 145 RNA.

To determine whether the apparent lack of hSP56 (SP56/AP56)
expression in PC-3 and DU 145 was due to deletion or obvious

rearrangement of the gene, we performed a Southern blot analysis of
genomic DNA from prostate cancer cell lines LNCaP. PC-3. and
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Table 1 Effect of amlrogen on HSP56 expression by LNCaP cells

DCS

Transcript levels FBS- 0 1 24 i-DHT(h)

I,SP56
ÃŸ-actin
hSP56 expression (%)'

3.19" 23.4 23.5 20.4 21.7 4.98

11.2 15.4 18.1 16.9 19.6 17.3
100 530 460 420 390 100

" Expressed in integrated absorbance units generated by quantitative laser scanning

densitometry of the auloradiogram shown in Fig. 3.*% express,â„¢ = [l.A.U./&RÃ•'Ã"-'/l.A.U^""'"MI.A.Uw''56(FBSl/I.A.U.^'rtFBS)l X
100, where \A.\J./^f561'' = integrated absorbance units of HSP56 at a given condition "c"
(i.e., semm Â±DHT for "n" h); I.A.U.15 â€”¿�integrated absorbance units of ÃŸ-actinat thesame condition e. I.A.U."'/>56(FBSI= integrated absorbance units of liSPSfi under FBS growth

conditions; and I.A.U.0^***â„¢5' = integrated absorbance units of ÃŸ-actinunder FBS

growth conditions.

2 100

10 20 30

DHT treatment, hr

Fig. 4. Androgen down-regulation of HSP56 in LNCaP is time and concentration

dependent. Graphic representation of data obtained by laser densitometric analyses of
Northern blots. Data are normali/ed to ÃŸ-itctincontrol and are expressed as the percentage
of the untreated (0 h) value, as in Table I.

DU145 and from a normal B-lymphoid cell line B142. All four cell

lines showed identical hybridizing bands of equal intensity (data not
shown). Therefore, the lack of hSP56 expression does not appear to be
due to any major deletion or rearrangement of the gene. However, this
analysis does not exclude the presence of one or more subtle muta
tions that may lead to a decrease or loss of expression.

hSP56 Expression Is Down-regulated by Androgen in a Con
centration-dependent and Reversible Manner. We next investi
gated the possibility of androgen regulation of hSP56. Replicate
cultures of LNCaP cells were grown in the presence of 10% normal
FBS. Northern analysis confirmed basal levels of HSP56 (SP56/AP56)
mRNA (Fig. 3). Then the culture medium was changed from normal
FBS to one containing 10% androgen-depleted DCS. Importantly,
after 24 h of culture in androgen-depleted medium, HSP56 mRNA was

increased, suggesting that androgen may down-regulate hSP56 ex

pression. We confirmed this hypothesis by adding 10 nM DHT to the
cultures and performing Northern analyses at specified times thereaf
ter. After 24 h in the presence of exogenous androgen, hSP56 mRNA
levels were reduced to <20% of that seen in the absence of androgen.
These changes were quantified by laser scanning densitometry of the
autoradiogram (Table 1). Changing culture conditions from FBS to
androgen-depleted DCS for 24 h resulted in up-regulation of hSP56

expression to 530% of that seen in FBS. Addition of 10 HM DHT
reduced this to 390% over 4 h. After 24 h of DHT treatment, HSP56
expression returned to baseline (100%). The blot was rehybridized
with a prostate-specific antigen probe. A pronounced up-regulation of
prostate-specific antigen transcript by androgen was observed (data

not shown), confirming the androgen responsiveness of the LNCaP
cells in this experiment. These results indicate that HSP56 is reversibly
down-regulated by androgen.

We also documented the time and concentration dependence of the
androgen effect (Fig. 4). Replicate cultures of LNCaP cells were
grown in medium containing 10% DCS to allow hSP56 expression to
be up-regulated. DHT was then added at 0.1, 1.0, or 10 nM, and at

specified times, RNA was prepared for Northern analysis of Â¡Â¡SP56
mRNA. Quantification of the Northern blot results showed a profound
time- and concentration-dependent down-regulation of hSP56 expres

sion by androgen.
Tissue and Cell Specificity. We quantified steady-state ItSPSo

(SP56/AP56) mRNA levels in normal human tissues and several
human neoplastic tissues and cells (Table 2). Marked differences were
found among the tissues and cancer cell lines examined. High levels
were observed in liver, lung, colon, prostate, kidney, and pancreas.
Moderate levels could be seen in spleen, ovary, and heart, but in
thymus, testis, peripheral blood leukocyte, and brain, the expression
was barely detectable. Among the 11 neoplastic cell lines examined,
only HeLa, K562, SW480, and LNCaP expressed hSP56.

DISCUSSION

In this study, we have used a rapid and highly efficient cloning
method, LCS (19), to identify genes differentially expressed in human
prostate cancer cells. We have found that the human selenium-binding
protein gene hSP56 is expressed in the androgen-sensitive human

prostate cancer cell line LNCaP but not in the more rapidly growing
androgen-insensitive lines DU 145 and PC-3. Moreover, the data show

that androgen is a negative regulator of hSP56 expression in prostate
cancer cells.

hSP56 was designated a human selenium-binding protein by virtue

of its homology with murine SP56 (20). The murine SP56 protein.

Table 2 liSP56 mRNA level in normal human tissues and in human cancer ceil lint's"

Normal tissues mRNA Cancer cell lines mRNA

Spleen
Thymus
Prostate
Testis
Ovary
Small intestine
Colon (mucosa! lining)
Peripheral blood leukocyte
Heart
Brain
Placenta
Lung
Liver
Skeletal muscle
Kidney
Pancreas

Promyelocytic leukemia HL-60

HeLa cell S3
Chronic myelogenous leukemia K-562
Lymphoblastic leukemia MOLT-4
Burkitt's lymphoma Raji

Colorectal adenocarcinoma SW480
Lung carcinoma A549
Melanoma G361
Prostate carcinoma LNCaP
Prostate carcinoma PC-3
Prostate carcinoma DU 145

' Quantification was performed by densitometric scanning of Northern blots, normalized with ÃŸ-actin.+, arbitrary unit of 1; -, undetectable expression of hSP56.
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originally designated SLP56, was first isolated from mouse liver by
Medina and coworkers (17), who identified it as a selenium-binding

protein. They noted that the nucleotide sequence contained no TGA
codon in frame and that, therefore, it is not an authentic selenoprotein

containing selenocysteine in the polypeptide chain. The mode of
selenium binding to this protein is unknown. Importantly, another

murine protein, designated AP56. which may play a role in detoxifi
cation of acetaminophen in the liver (25, 26), differs from SP56 by
only 24 nt within the coding region (18). Within the region homolo
gous to the partial human cDNA for HSP56 that we isolated, the
murine sequences for SP56 and AP56 differ at nt +37 of the coding

sequence. Assuming a similar difference between human hSP56 and
a putative human AP56 (which has not yet been reported), we have

identified our clone as HSP56 and not the putative human AP56.
However, because the methods used for northern analysis cannot

distinguish between murine SP56 and AP56 transcript, it is possible

that our Northern analyses here detect both transcripts as well. Thus,
in our Northern analyses, we have designated the transcript as hSPSo

(hSP56/AP56).
The data show profound androgen down-regulation of steady-state

levels of hSP56 (SP56/AP56) transcript. Interestingly, in the mouse.
SP56 and AP56 appear to be differentially regulated (18). Thus, our

data may be interpreted either as showing the presence of only hSP56

transcript in these prostate cells or that both HSP56 and the putative
human AP56 are down-regulated similarly by androgen treatment.

There may be a special biological significance to the down-regu

lation of HSP56 by androgen. It has been proposed that SP56 may
have a growth-inhibitory role (17). Thus, androgen down-regulation

of hSP56 could cause release of prostatic cells from such growth

inhibition. The resulting increase in mitotic activity could also make

these cells more sensitive to agents capable of inducing neoplastic
transformation. It is to be noted that, whereas the androgen-sensitive
LNCaP cells express hSP56, neither androgen-insensitive lines PC-3

or DU 145 do so. These other two lines grow more rapidly and

metastasize more readily. That is, their phenotype is similar to pros
tate cancer cells that are "androgen stimulated." However, neither

PC-3 nor DU 145 express a functional androgen receptor. This phe
notype, coupled with the down-regulation of hSP56 in both lines, is

consistent with a state resembling androgen stimulation that does not

require the androgen receptor.
Our data indicate high levels of HSP56 expression in liver, lung,

colon, and prostate but extremely low levels in cancerous forms of
these tissues. Interestingly, it is just these tissues that had lower rates

of neoplasia in the recent clinical trial of selenium supplementation

(11). This intriguing finding may signal a role for hSP56 in the
anticarcinogenic effects of dietary selenium. It will be of additional

interest to determine whether androgen regulates hSP56 in these other
tissues, each of which has been reported to express the androgen
receptor (27). Further studies will provide insights into the role of
HSP56 and selenium in prostatic epithelial growth and neoplastic

transformation.
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