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Abstract

Hevin, a gene closely related to the extracellular matrix protein
SPARC, is an acidic cysteine-rich glycoprotein shown to be important for
the adhesion and trafficking of cells through the endothelium. Through
the use of differential display and differential EST analysis, we identified
Hevin as a gene whose transcription is down-regulated in transformed
prostate epithelial cell lines and metastatic prostate adenocarcinoma.
These results were confirmed by comparing expression levels between
normal and neoplastic human prostate tissues using Northern analySis. In

situ hybridization with an 35S-labeledantisense riboprobe demonstrated
the loss of Hevin expression in metastatic prostate carcinoma. The expres
sion pattern of Hevin in transformed and metastatic epithelium may
provide further insights into the complex cell adhesion events involved in
the metastatic progression of prostate carcinoma.

Introduction

The life-threatening aspect of prostate carcinoma is the result of
events leading to invasion and metastasis. Although prostate cancer

screening programs offer an opportunity for cancer diagnosis at an
early, potentially curable stage, a significant number of men still
present with overt metastatic disease, and others relapse following
primary treatment for presumed organ-confined cancer. Although
distant metastases are often too small to be detected at the time the
primary tumor is treated, evidence is emerging that a significant
number of patients with clinically localized disease have micrometas
tasis in the form of circulating prostate-specific antigen-positive cells
(1, 2). The prognostic implications of these findings are yet unclear.
Thus, a major challenge is the identification and understanding of
factors involved in the process of tumor invasion and metastasis.

One focus of research has been on the relationship between inva
sive tumor cells, cell-cell adhesion, and the ECM.3 The tumor cell
interaction with its environment must be a dynamic one because
malignant prostate cells that ordinarily remain attached in vivo must
be capable of diminishing adhesive forces for rounding-up and divi
sion. Furthermore, cell migration requires the making and breaking of
interactions with an ECM. The attributes of adhesive and antiadhesive

macromolecules in the ECM and the consequences of their interac
tions with cell surface receptors in the normal and neoplastic state are
beginning to be characterized. The major adhesive macromolecules
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for epithelial and mesenchymal cells include fibronectin, vitronectin,
laminin, entactin, the fibrillar collagens, and the collagen in basement
membranes (type IV; Ref. 3). These components interact with a
variety of integrins, heparan sulfate proteoglycans, and other cell
surface receptors. Molecules exhibiting antiadhesive properties in
dude SPARC (also known as osteonectin or BM-40), throm
bospondin, and tenascin (4).

Alterations in the expression pauerns of several members of this
diverse group of molecules involved in cell adhesion and contact have
been well described in the study of prostate carcinogenesis. These
include CD44, cadherins, catenins, integrins, laminins, and others (3,
5, 6). The expression of E-cadherin, a particularly well-studied trans
membrane glycoprotein responsible for cell-cell adhesion, is markedly
reduced in prostate cancer cells (7). In vitro and in vivo studies
correlate the loss of E-cadherin expression with an invasive and
metastatic phenotype (8, 9). Furthermore, there is evidence that E
cadherin may function as a general metastasis suppressor gene prod
uct acting at the site of the primary epithelial tumor (9). These
findings underscore the importance of identifying and understanding
the genetic events involved in regulating the molecular framework of
cell contact in the context of metastatic cancer progression.

Technological advances in molecular biology have produced meth
ods for the rapid and comprehensive examination of differential gene
expression profiles. Our objective in this study was to identify genes
involved in the metastatic process by exploiting a well-characterized
model system of prostate cancer progression using two complemen
tary techniques for transcript profiling: DD-PCR (10); and differential
EST analysis. In this report, we describe a gene down-regulated in
transformed and metastatic prostate carcinoma that encodes Hevin, a
protein shown previously to exhibit antiadhesive properties in the
ECM (1 1). The expression pattern of Hevin may contribute to an
understanding of cell contact events important in the metastatic pro
gression of prostate carcinoma.

Materials and Methods

Cell Lines and Primary Epithelial Cultures. One of us (J. L. W.) has
derived closely related sublines of an SV4O large T antigen immortalized

human prostate epithelial cell line P69SV4OT (12). The parental line is poorly

tumorigenic in nude mice. Additional sublines that are tumorigenic but non

metastatic (M2l82, M2205, and Ml7) and a highly tumorigenic, invasive, and

metastatic subline (Ml2) have been isolated and characterized biologically and

cytogenetically (13). The human prostate carcinoma cell line LNCaP was

acquired from American Type Culture Collection (Rockville, MD). Cell lines

were cultured in RPM! 1640(Life Technologies, Inc.) supplemented with 10%
fetal bovine serum. Normal prostate tissue obtained from a 25-year-old male
organ donor was minced and digested with collagenase (2 mg/mI in HBSS with

calcium and magnesium). The cell suspension was washed and centrifuged

over a discontinuous Percoll (Pharmacia) gradient to separate epithelial cells
from stromal cells as described previously (14). The epithelial fraction was

grown under serum-free conditions as described previously (15), and RNA was

isolated at passage 2.
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Surgical Specimens. Surgical samples of human prostate carcinoma and
normal prostate tissue were obtained from the Departments of Urology and
Pathology at the University of Washington (Seattle, WA). Immediately fol
lowing surgery, tumor and normal tissue samples were microdissected from

frozen blocks using adjacent H&E-stained frozen sections as guides. Micro
scopic examination confirmed that samples consisted of normal prostate,

primary prostatic adenocarcinoma, or metastatic prostatic adenocarcinoma.
RNA Preparation and Northern Hybridization. Total RNA from tissues

and cell lines were isolated using Trizol reagent (Life Technologies, Inc.) and
treated with DNase I to remove genomic DNA. Poly(A)@RNA was selected
using oligo-dT Sepharose columns (Pharmacia). One @tgof each sample was
loaded per well for Northern blots and separated on 1.0% agarose formalde
hyde denaturing gel followed by transfer to a nylon membrane (Schleicher and
Schuell). The Hevm cDNA was labeled with [32P]dCTPusing a random-prime
DNA labeling kit (Life Technologies, Inc.). The filters were hybridized to the
probe overnight at 68Â°Cand washed using standard conditions (16). The filters
were exposed to a phosphor-capture screen (Molecular Dynamics) for 24 h,
and band intensities were quantitated using Imagequant software (Molecular
Dynamics).

DD-PCR A one-base anchoredoligodeoxythymidylateprimer R1T12C
(5'-CGGAATTCAAGC@ IC-3') was used to reverse transcribe

total RNA from normal prostate tissue and normal and transformed prostate
epithelial cell lines into first-strand cDNAs, which were subsequently ampli
fled by PCR using the arbitrary upstream primer AP4 (5'- CGAA'VI'CGAm
TGGcTCC-3'). PCR conditions were described previously (17). Incorporation
of [a33P]dATPduring amplification facilitated visualization of the amplified
fragments, which were analyzed on a 6% nondenaturing acrylamide sequenc
ing gel. Two independent reverse transcription and amplification reactions
were performed on each sample and run in adjacent lanes to confirm expres
sion patterns. The bands on the cDNA ladder that were unique to normal or to
transformed prostate epithelium were cut from the gel, eluted, and reamplified
by PCR. The reamplified eDNA bands were directly sequenced following
purification on CentriSep Columns (Princeton Separations) using an automated
DNA sequencer (Applied Biosystems, mc).

Differential EST Analysis. Three cDNA libraries were constructed: one
each from total normal prostate (PNOO1), primary prostate adenocarcinoma
(FF001), and prostate carcinoma metastatic to liver (PMOO1).Construction
used oligo-dT priming and directional cloning into pSportl (Life Technolo
gies, Inc.) according to standard procedures (16). The libraries were not
amplified or normalized. Single-pass automated DNA sequencing of randomly
selected cDNA clones was performed to generate EST catalogues. A total of

1200 cDNAs from PNOO1, 1000 cDNAs from FF001, and 500 cDNAs from
PMOO1 were sequenced. In addition, a search of the public nucleic acid
databases was performed to identify all ESTs derived from human prostate.
Three distinct libraries were identified with >1000 ESTs: NC! CGAP PR1

from microdissected normal prostate epithelium, NCI CGAP PR2 from mi
crodissected prostate intraepithelial neoplasia, and NCI CGAP PR3 from

microdissected primary neoplastic prostate (18). The full-length Hevin cDNA
sequence was compared against these EST sets using BLASTN (19), and
sequences >98% identical over > 150 nucleotides were identified as Hevin.
Because of the similarity of the Hevin and SPARC nucleic acid sequence, each
putative Hevin EST was compared to the full-length SPARC sequence to
ensure the correct gene identification. The relative expression of Hevin was
determined by tabulating the number of individual ESTs in each library that
matched the Hevin sequence.

RT-PCR of Hevin and DAD!. One @gof DNase I-treatedtotalRNA from
tissues and cell lines were reverse transcribed using 24-mer oligodeoxythymi
dylate as primer. The cDNA was amplified by 30 cycles of PCR using Hevin
primers 5'-GGATAGAGTC'VfGACACATFCTG-3' and 5'-CACGTAAAC
CACAAAAGAGTAGC-3' and DAD1 primers 5'-lTFGCCTGAGAATACA
GATCAACCC-3' and 5'-GGAGTGGCATGGAGTFCITFAATVFGGAAA
GC-3'. Identical control PCR reactions omitting reverse transcriptase or RNA
template were concurrently performed.

In Situ Hybrklization Frozen and paraformaldehyde-fixed tissue sections
from normal and cancerous human prostate were fixed or postflxed in freshly
prepared 4% paraformaldehyde-PBS solution and prepared as described pre
viously (20). One @gof the recombinant plasmid pBluescnpt containing a
400-bp fragment of the human Hevin cDNA was linearized with either Xho or
EcoRI to generate sense and antisense transcripts, respectively. Riboprobes

were generated with Sp6 RNA polymerase incorporating [a35SJUTP (DuPont

NEN) to a specific activity of l0@ dpm/j.@g RNA. Sections were hybridized

with 2 pmol/ml heat-denatured antisense mRNA probe overnight at 45Â°C
followed by RNase A treatment, two high stringency washes, and coated with

NTB-2 photographic emulsion (Eastman Kodak, Rochester, NY). Slides were
stored for 14â€”28days at 4Â°C,developed in D-l9 developer, and counterstained

with hematoxylin. Control slides were hybridized with 2 pmol/ml [35S]sense

mRNA probe.

Results

The DD-PCR of mRNA present in normal and transformed prostate
epithelium is illustrated in Fig. lA. A band is present in short-term
normal epithelial culture and in normal total prostate tissue but is
absent in the immortalized and transformed epithelial cell lines and in
the LNCaP cell line. This cDNA band was reamplified and sequenced.
The l88-bp fragment matched to nucleotides 616â€”804 of the Hevin
gene (21). An identical match of the terminal 10 nucleotides of the
AP4 primer and a high number of AMP residues with an anchoring
GMP residue allowed for amplification of this region.

To confirm that Hevin exhibits a differential expression pattern in
these cells, gene-specific primers were designed to specifically am
plify a 550-bp Hevin fragment following reverse transcription of
RNA. Hevin expression was again seen only in the normal epithelial
culture and in fresh normal prostate tissue (Fig. 1B), whereas the
DADJ gene, a ubiquitously expressed transcript (22), was present in
all samples. No amplicons were visualized in the control reactions
without reverse transcriptase or template (data not shown).

We used differential EST analysis as a rapid means to further verify
candidate genes exhibiting differential expression by DD-PCR. The
BLASTN algorithm was used to identify ESTs with homology to
Hevin in expressed sequence datasets from total normal prostate,
microdissected normal prostate epithelium, microdissected PIN, mi
crodissected prostate carcinoma, total prostate carcinoma, and pros
tate carcinoma metastatic to liver. The results are shown in Table 1.
ESTs matching Hevin represented 0.33% of the total normal prostate
ESTs, 0.1% of the ESTs derived from the microdissected normal
epithelium, and 0.28% of the ESTs from microdissected PIN. No
ESTs matching the Hevin sequence were identified from primary or
metastatic prostate carcinoma.

We next evaluated the potential in vivo biological significance of
Hevin gene expression in samples from patients' prostate tissue. The
amplified Hevin cDNA was used to probe Northern blots of total
normal prostate, primary prostate carcinoma, metastatic prostate car
cinoma, and the transformed epithelial cell lines P69SV4OT and M12.
A strong 2.7-kb message was detected in each normal sample with
decreased expression in primary tumor tissue and absent expression in
the P69 and Ml2 cell lines (Fig. 2A). A marked decrease in Hevin
expression was noted for prostate carcinoma metastatic to lymph
node, liver, and adrenal gland (Fig. 2B).

To localize the cellular source of Hevin expression and to further
examine Hevin expression in metastatic carcinoma, we performed in
situ hybridization on normal and metastatic prostate tissue sections.
The normal tissue exhibited strong staining in a glandular pattern with
signal in both basal and columnar epithelium (Fig. 3A). Weak expres
sion was noted in stromal tissue. Hevin expression was present in
primary carcinoma tissue (data not shown). In contrast, Hevin expres
sion was not detectable in a lymph node focus of metastatic prostate
carcinoma, although signal was detected in residual surrounding com
pressed lymph tissue (Fig. 3B). Two independent lymph node samples
containing metastatic prostate elements were examined from two
separate patients. No hybridization signal was detected with a sense
probe control (data not shown).
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Fig. 2. Northern blot analysis of human prostate tissue samples for Hevin expression.
Poly(A)@ RNA was electrophoresed, blotted to nylon filters, and hybridized with the
Hevin (top panels) and GAPDH (middle panels) eDNA probes. Signal intensities were
quantitated. Each sample examined was acquired from a different patient. A: NP. normal
prostate; PC. primary prostate carcinoma; P69. the transformed and poorly tumorigenic
prostate cell line P69SV4OT; M12. the tumorigenic and metastatic subline of P69SV4OT.
B: MPC, metastatic prostate carcinoma; LN. lymph node. The expression ratios (bottom
panels) are determined by first normalizing for GAPDH intensity relative to normal
prostate to account for sample loading variance. Hevin expression for each sample is
shown in Phosphorlmager intensity units relative to the normal prostate.
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method has been successfully used to identify differentially expressed
genes between normal and neoplastic epithelium. Although each
technique offers distinct advantages and limitations, we have shown
that they may be used in a complementary fashion to efficiently
characterize alterations in transcript expression between several tis
sues simultaneously. As databases of ESTs continue to mature in
terms of sequences generated from targeted cell types such as micro
dissected normal and neoplastic epithelium, their utility for â€œvirtualâ€•
differential analysis will be greatly enhanced.

Our objective was to apply these methods to identify molecular
alterations occurring in the process of prostate cancer metastasis. Cell
lines and cultured epithelial cells were chosen for the initial compar
ison to avoid issues of sample heterogeneity in whole tissues leading

F@@@@ 1_i
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Table 1 Hevin gene abundance in prostate EST datasets

Results of a BLAST homology search with the full-length Hevin sequence against
ESTs generated from six prostate eDNA libraries. PNOO1is from total normal prostate,
CGAP PR1 is from microdissected normal prostate epithelium, CGAP PR2 is from
microdissected PIN, CGAP PR3 is from microdissected primary prostate carcinoma,
Vl'OOl is from primary prostate carcinoma, and PMOO1is from metastatic prostate
carcinoma (PNOOI). Hevin ESTs are the number of ESTs in each cohort with >98%
nucleotide identity to the published Hevin sequence. Total ESTs are the number of ESTs
available from each library for comparison. Abundance % is the ratio of Hevin ESTs to
total ESTs.
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Fig. 1. Identification of altered Hevin gene expression in normal prostate (NP), cultured
normal prostate epithelium (PEC), a prostate cancer cell line (LnCaP), immortalized
poorly tumorigenic prostate epithelium (P69SV4OT), and increasingly tumorigenic sub
lines of P69SV4OT (2182, 2205, M17, and M12). A, duplicate DD-PCR reactions resolved
by electrophoresis with the Hevin gene indicated by an arrow. B, confirmation of the
DD-PCR pattern by RT-PCR using Hevin-specitic primers. Positive control RT-PCR with
DADI-specific primers demonstrates the presence of amplifiable template in each reac
tion (B. bottom).

Discussion

The methods of DD-PCR and differential EST analysis are power
ful and rapid techniques for identifying differentially expressed tran
scripts between two or more tissues or cell types of interest. Each
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Fig. 3. In situ hybridization for Hevin mRNA in prostate tissue using a 35S-labeled Hevin antisense riboprobe. a, hematoxylin-stained section of normal prostate tissue with dark
arrows, indicating normal prostate epithelium. b, dark-field image of the same normal prostate tissue with white arrows, indicating intense staining of normal prostate epithelium with
the Hevin riboprobe. c, hematoxylin-stained section of a lymph node with open arrows indicating invasive metastatic prostate carcinoma. NS. residual lymph node stroma. d. dark-field
image of the same lymph node with open arrows, indicating absence of Hevin expression in the regions replaced by metastatic prostate carcinoma. Hevin expression is seen in the
residual stromal tissue (NS).

to false-positive results in the DD-PCR analysis. We identified Hevin,
a secreted acidic calcium-binding glycoprotein involved in cell adhe
sion, as a gene with down-regulated expression in transformed pros
tate epithelium. This observation was further supported by results
from differential EST analysis using sequences derived from cDNA
libraries from whole prostate and microdissected prostate epithelium.
ESTs with homology to Hevin were identified in the normal prostate
and the preneoplastic PIN cells and not in datasets from primary or
metastatic prostate cancer. The in vivo expression of Hevin was
studied using Northern analysis and in situ hybridization on normal
and tumor samples derived from radical prostatectomies and autop
sies. These results demonstrate a marked reduction in Hevin transcript
levels in prostate carcinoma metastatic to lymph node, adrenal, and
liver. Together, these data suggest that the loss of Hevin expression is
a late event in malignant progression.

Multiple complex biochemical events occur in the evolution of
metastasis. Local tumor cells traverse the epithelial basement mem

brane to reach the interstitial stroma, where they gain access to blood
vessels or lymphatic channels for further dissemination (23). â€œDock
ing and lockingâ€•mechanisms have been proposed to describe the
multistep adhesive interactions between tumor and host cells involv
ing critical â€œstickyâ€•molecules on cells and ECM (24). Clues toward
understanding metastatic mechanisms may be acquired from the de

lineation of the sequential steps involved in leukocyte recruitment to
sites of inflammation because these processes appear to share signif
icant attributes.

The Hevin gene was initially cloned from endothelial cells in
lymphoid tissues and is thought to facilitate lymphocyte migration
through the endothelium by modulating endothelial cell adhesion
(1 1). Studies with the Hevin gene have shown previously that it
encodes a secreted, acidic, calcium-binding protein closely related
to the antiadhesive ECM protein known as BM-40, osteonectin,
and SPARC (21). Hevin is expressed in most normal human tissues
including prostate, although in a pattern distinct from SPARC (21).
Studies examining Hevin expression in malignancies have not been
reported. Purified Hevin does not support endothelial cell adhesion
in vitro, and exogenous Hevin has been shown to inhibit cell
attachment and spreading (1 1). SPARC and Hevin share 62%
identity over a region of 232 amino acid residues spanning more
than four-fifths of the SPARC coding sequence with the greatest
difference located in the highly acidic NH2-terminal domain of
Hevin, which is larger than the corresponding domain in SPARC
(21). Although these genes are related structurally and function
ally, it is likely that the proteins have both distinct and overlapping
physiological roles.

SPARC immunoreactivity and mRNA levels have been shown to
235

a
@w

.@4 4@;d@,
8 /

@. .La

@ .@â€˜..

@; @â€˜.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/2/232/2467761/cr0580020232.pdf by guest on 19 M

ay 2023



DOWN-REGULATED @mvmt IN PROSTATIC ADENOCARCINOMA

be higher in many neoplastic tissues compared to adjacent benign
counterparts (25â€”27).Diverse functional explanations for the role of
SPARC in neoplastic growth include the induction of proteolytic
enzymes, the modulation of adhesive forces, and the development of
a tumor-associated vascular network. Paradoxically, recent evidence
indicates that SPARC may function as a negative regulator of cell
proliferation by inhibiting the progression of cells from G1 to S-phase
(28).Supportfor thisfindingwasprovidedin astudyusingDD-PCR
in which SPARC was identified as a down-regulated transcript in
ovarian carcinoma. Reintroduction of the SPARC expression reduced
the growth rate of an ovarian cancer cell line and inhibited the
formation of tumors in nude mice (29).

Other than calcium-binding and antiadhesive properties, it is Un
clear which functional roles are shared by Hevin and SPARC. The
observation that Hevin expression is down-regulated in prostate me
tastasis adds another molecule to a growing list of adhesion-related
molecules demonstrating altered expression patterns in tumor cells.
As a component of the complex interactions between a circulating
tumor cell and the distant site to be colonized, it may be critical to
down-regulate certain factors that inhibit attachment to endothelium
or ECM, as well as up-regulate factors that promote adhesion. Thus,
it may be advantageous to down-regulate molecules with antiadhesive
properties such as Hevin. Indeed, in vivo experiments in which anti
adhesive peptides were coinjected with highly tumorigenic and met
astatic melanoma cells dramatically inhibited the development of
metastasis (30). Further studies with Hevin and related molecules may
provide insight toward elucidating the complex interplay of events
involved in the metastatic process.
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