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ABSTRACT

Differences in gene expression between benign and malignant human
prostate specimens were investigated using the differential display tech
nique. RNA samples from paired benign and malignant areas mlcrodis
sected from opposite sides of the same prostate gland were used for
reverse transcription PCR. A 477-hp band was identified that was con

sistently present in benign prostate but absent or diminished in intensity
in malignant tissue. This band was cloned, and the sequence demonstrated
99% identity with a region in the fourth exon of the human neurofilament
heavy chain gene (NF-H). Northern blotting with a cDNA probe derived

from this band confirmed the presence of a similarly sized message of
approximately 3.9 kb in both prostate and brain, and reverse transcrip
don PCR using primers specific to an upstream region of exon 4 con
firmed NF-H-like mRNA expression in benign prostatic tissue. Immuno

staining with a monoclonal antibody to NF-H showed a positive reaction

in benignprostaticepithelialcellsbutcompleteabsenceof stainingin
prostatic cancer cells. These data demonstrate the presence ofa NF-H-like

gene product in normal prostatic epithelial cells that is down-regulated or
absent in prostatic carcinomas.

INTRODUCTION

Adenocarcinoma of the prostate gland is one of the most common
malignancies among men, yet relatively little is known about the
genes that are important in prostate carcinogenesis. Alterations in the
tumor suppressor genes p.53 and rb (retinoblastoma) and oncogenes

such as ras, myc, and erb-B2 appear to affect only a subset of prostatic
carcinomas ( 1â€”4).Thus, a set of genes different from those associated
with other common cancers, such as colon, lung, and breast cancer,
may be involved in this neoplastic disorder. Unique clinical charac
teristics of this cancer, such as an extremely high prevalence associ
ated with advancing age and a very slow progression in most in
stances, may be a reflection of these genetic differences.

Differential display of mRNA was developed to detect differences

in gene expression between populations of eukaryotic cells (5, 6). We

and others (7) applied this technique to search for genes that are
differentially expressed in prostatic cancer compared with benign
regions of the gland. The strategy of differential display is to amplify
multiple random mRNAs and resolve them on high-resolution gels.
RT3 using a primer designed to bind to the poly(A) tail, followed by
PCR amplification with an arbitrary upstream primer and radiobabeled
dNTP, produces cDNA bands that are visible after PAGE and auto
radiography. Side-by-side comparison of benign and malignant tissues
reveals mRNAs that are absent, overexpressed, or underexpressed in
cancer.
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Using differential display, we found a 477-bp cDNA band that was
present in nonneoplastic prostatic tissue, but absent or down-regulated
in prostaticcancer.The fragmentwassubsequentlyisolated,cloned,
and sequenced. Our analysis suggested that this mRNA may be
derived from the NF-H gene or a closely related gene.

MATERIALS AND METHODS

Differential Display. Radical prostatectomy specimens were obtained
from seven patients treated at the Mayo Clinic (Rochester, MN). The average
age (Â± SE) of the patients participating in this investigation was 61 Â±2.3
years; all patients were Caucasian. The prostatic cancers were classified as

stage T2a-.T2c, T3a, or T3b, with an average (Â± SE) Gleason score of
5.3 Â±0.2. None of the patients' tumors exhibited lymph node involvement or

metastatic spread. Upon removal, each prostate was examined for gross pa
thology. Malignant foci were excised and immediately frozen. Benign areas,
matched for location, were taken from the contralateral side of the gland and
similarly frozen. Cryostat tissue sections were examined to confirm the pres

ence of benign or malignant tissue. Because most of the malignant blocks
contained admixed benign tissue, these blocks were trimmed as completely as
possible to remove the surrounding nonneoplastic areas.

Total RNA was extracted using TRlzol reagent (Life Technologies, Inc.,
Gaithersburg, MD). Five to 10 tissue sections, each 10 p@mthick, were used for

extraction, yielding 10â€”20mg oftotal RNA. RNA was treated with 10 units of
DNase I in lOX buffer for 30 mm at 37Â°Cusing a MessageClean kit (Gen
Hunter Corp., Brookline, MA) to digest any contaminating DNA. RT-PCR was
performed using the following oligonucleotide primers: RT primer mixture
(T12VG), 5'@ lll1llTU1TU IVG 3' (V denotes G, C, or A); arbitrary lO-mer

primer (AP-l), 5' AGCCAGCGAA 3'.
Differential display was carried out using a RNAmap kit (GenHunter

Corp.). Approximately 0.2 @igtotal RNA was reverse transcribed using 50
units of Moloney murine leukemia virus reverse transcriptase in the presence
of 20 pmol of the T12VGprimer mixture and 400 pmol of dNTP for 5 mm at
65Â°Cfollowed by 60 mm at 37Â°C.After heat inactivation of the reverse
transcriptase at 95Â°Cfor 5 mm and subsequent cooling to 4Â°C,2 ,.sl of the
samples were added to 18 @lof PCR labeling mixture containing 4 pmol of
AP-l (GenHunter), 10 @Ciof 35S-labeled dATP (1200 Ci/mmol; Amersham

Corp., Arlington Heights, IL), 40 pmol of dNTP, and 1 unit of AmpbiTaq
(Perkin-Elmer Corp., Branchburg, NJ). The cycling parameters were 94Â°C for

30 s, 40Â°Cfor 2 mm, and 72Â°Cfor 30 s for 40 cycles. Finally, the samples were
heated to 72Â°Cfor 5 mm and then cooled to 4Â°C.The PCR products were
analyzed on 6% DNA sequencing gels. Bands of interest were cut from the
dried gels and boiled in Tris-EDTA buffer, ethanol precipitated to remove any
contaminants, washed, and dissolved in deionized water. The recovered DNA
samples were reamplified using PCR with the same primers and placed into a
pCRII TA cloning vector (InVitrogen Corp., San Diego, CA). After the insert
was cut from the vector, both strands were sequenced using cycle sequencing
chemistry and an automated ABI Model 373A DNA sequencer (Applied
Biosystems Inc., Foster City, CA) or a manual Sequenase kit (Amersham

Corp.). All nucleotide sequence data bases maintained by the National Center
for Biotechnology Information (Bethesda, MD) were searched for homologous
sequences using the basic local alignment search tool (BLAST).4

RT-PCR was used to confirm the expression of the sequence identified by
differential display. Two sets of primers were used to amplify two separate
regions of the fourth exon of human NF-H (Fig. 1). An upstream fragment

4 Located at http://www.ncbi.nlm.nih.gov/BLAST/index.html.
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Fig. I. Structure of human NF-H protein (adapted from Ref. 14) with
the position of a 477-bp differentially expressed eDNA (@)indicated by
the arrow on exon 4 (bp 2303â€”2779).The locations of the RT-PCR
primersused to confirmexpressionof the NF-H-likemRNAin the
prostate are also shown.

consisting of bp 1225â€”1390 was amplified using primers to positions 1225â€”

1244 (GAAGAGTGTCGGAUGGCTr) and 1372-1390 (GAGGAACAGA
CAGAGGAGA), and a downstream fragment consisting of bp 2319â€”2753was
amplified using primers to bp 2319â€”2337(AGCAAGGTCCCCTGCAGAC)
and bp 2734â€”2753(TCCT1'CACCTCCACCTI'GGC). The downstream frag
ment was located within the 477 bp differentially expressed cDNA.

Northern Blotting. Total RNA was extracted using TRIzol from at least
100 mg of monkey (Macaca mulatta) brain and human prostate. RNA (20

@gÃ±ane)was electrophoretically separated on a 1% formaldehyde-agarose gel
and transferred to nylon membrane (ZetaProbe, Bio-Rad, Richmond, CA). The
membrane was hybridized to a 32P-labeled 477-bp cDNA probe to the region

of the human NF-H gene that was found to be differentially expressed in
normal prostatic tissue.

Immunohistochemistry. Sections of formalin-fixed, paraffin-embedded
tissues were used for standard biotin-streptavidin-peroxidase immunohisto
chemistry (DAKO Corp., Santa Barbara, CA). For antigen retrieval, the slides
were microwaved in deionized water on full power (1200 W) for 40 mm. A
1:800 dilution of a monoclonal anti-NF-H antibody that reacts with the
nonphosphorylated form of rat and human NF-H (SMI-32; Sternberger Mono
clonals, Baltimore, MD) was incubated with the sections at 4Â°Covernight (8).
A monocbonal antibody that recognizes the phosphorylated form of NF-H
(BMD-026D; Accurate Chemical & Scientific Corp., New York, NY) was
used at 1:bOOdilution. The chromagen diaminobenzidine was used for color
development. Negative controls consisted of slides incubated with PBS instead
of specific antibodies.

designed but rather to an A-rich sequence within the translated region
of the gene (Figs. 1 and 3).

To confirm that this band did indeed represent NF-H, RT-PCR and
Northern blotting analyses were undertaken. RT-PCR using primers
designed to amplify a region within the 477-bp differentially cx
pressed cDNA (Fig. 1) was performed on benign prostatic tissue from
two patients. An approximately 430-bp band was obtained as pre
dicted by the location of the primers within the NF-H sequence.

BMBM BM BM BM BM BM

@-@
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Fig. 2. Differential display showing pattem of random cDNAs corresponding to
3-fragments of expressed genes. Samples of benign (B) and malignant (M) tissue from
seven radical prostatectomy specimens were subjected to RT-PCR using a T,2VG primer
and a random lO-mer primer (AGCCAGCGAA). Arrow. a 477-bp band down-regulated
or absent in prostatic carcinomas.
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RESULTS

Direct comparisons of mRNA fingerprints from seven pairs of
benign and malignant prostatic tissue samples were made (Fig. 2).
Most amplified cDNA bands were similar in size and intensity in both
benign and malignant samples, suggesting that most of the genes

expressed in this subpopulation of mRNAs were not uniquely asso
ciated with cancer. In contrast, a 477-bp band observed in seven
benign prostatic samples was missing in two carcinomas, diminished
in intensity in two carcinomas, and undiminished in three carcinomas.
Thus, down-regulation of this mRNA band was seen in four of seven
cancers compared with benign tissue from the same patients.

This band was isolated from the gel, cloned, and sequenced, re
vealing a highly homologous match with bases 2303â€”2779within the
fourth and final exon of human NF-H (9). The most closely matched
sequences in the nucleotide databanks were NF-H from various spe
cies, including human, rabbit, rat, and mouse. Of the 477 bases in the
cDNA, 467 were identical to this exon of human NF-H; most of the
mismatches occurred in the 3' end of the fragment. Excluding the
primers, the sequence was 99% identical. Interestingly, the poly(T)
primer (T12VG) did not anchor to the poly(A) tail of the gene as
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AGGCTCCAAAGCCCAAGGTGGAGGAGAAGAAGGAACCTGCTGTCGAAAAGCCCAAAGAAT
AGGCTCCAAAGCCCAAGGTGGAGGAGAAGAAGGAACCTGCTGTCGAAAAGCCCAAAGAAT

CCAAAGTTGAAGCCAAGAAGGAAGAGGCTGAAGATAAGAAAAAAGTCCCCACCCCAGAGA
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CTGTCAAGAAGGAGGTCAAGTCCCCAGAGAAGGCGAAATCTCCCCTGAAGGAGGATGCCA
CTGTCAAGGAGGAGGTCAAGTCCCCAGAGAAGGCGAAATCTCCCCTGAAGGCGGATGCCA

x x

AGGACCCTGAGAAGGAGATCCCAAAAAAGGAAGAGGTGAAGTCCCCAGTGAAGGAGGAGG
AGGCCCCTGAGAAGGAGATCCCAAAAAAGGAAGAGGTGAAGTCCCCAGTGAAGGAGGAGG

Fig. 3. Comparison of the nucleotide sequence
of the differentially expressed eDNA from benign
prostatic tissues (top line) with the sequence of
human NF-H exon 4 nucleotides 2303â€”2779(bat
tom line). Excluding primers. 99% of the bases
were identical. The sequence of the 5' random
primerandthe sequencecomplementaryto the 3'
primer are underlined. Mismatches are indicated
below the line (x).

2303CTCCAGCGAAGGAGGAAGCAAGGTCCCCTGCAGACAAATTCCCTGAAAAGGCCAAAAGCC236261

2363xx1202422121180242324821

81AGAAGCCCCAGGAGGTGAAAGTCAAAGAGCCCCCAAAGAAGGCAGAGGAAGAGAAAGCCC2402
483AGAAGCCCCAGGAGGTGAAAGTCAAAGAGCCCCCAAAGAAGGCAGAGGAAGAGAAAGCCC25422

41CTACCACACCAAAAACAGAGGAGAAGAAGGACAGCAAGAAAGAGGAGGCACCCAAGAAGG3002
5 43CTGCCACACCAAAAACAGAGGAGAAGAAGGACAGCAAGAAAGAGGAGGCACCCAAGAAGG2602301360260326623

61@AAA(@TT(AMCCAAGAAGtAAGAGGCTGAAGATAAGAAAAAAGTCCCCACCCCAGAGA4202663272242

1AGGAGGCTCCTGCCAAGGTGGAGGTGAAGGAAGACGCTAAACCCAAAAAAAAAAAAA477
277927 2 3AGGAGGCTCCTGCCAAGGTGGAGGTGAAGGAAGACGCTAAACCCAAAGAAAGGACAG

x

x xxxx

nohistochemical data were consistent with the mRNA expression data
obtained by differential display and RT-PCR, showing absence or
down-regulation of a NF-H-like protein in human prostatic cancer.

A similar pattern of NF-H-immunoreactivity was seen in rat pros
tate. Normal prostatic tissue from eight adult rats displayed positive
glandular epithebiab staining in the majority of glands, whereas five
carcinogen-induced rat accessory sex gland carcinomas, which are
probably prostatic in origin (10), were devoid of staining (data not

1 23

Fig. 4. Northem blotting of monkey brain and human prostate using the differentially
expressed 477-hp cDNA as a probe. Total RNA from rhesus monkey (Lane I) and benign
prostatectomy samples from two patients (Lanes 2 and 3) was electrophoretically sepa
rated, transferred to nitrocellulose, and hybridized with the 32P-labeled NF-H eDNA
probe. which was highly homologous to bp 2303â€”2779.

Because all intermediate filament genes contain four exons, the first
three of which share considerable homology, another upstream seg
ment in exon 4 (Fig. 1) was selected for RT-PCR analysis. Sequencing
of the separate upstream l67-bp fragment disclosed 99% identity with
the corresponding NF-H sequence. Northern blot analysis (Fig. 4) of
both brain and prostate, using the differentially expressed sequence as
a probe, demonstrated a single band, similarly sized, estimated to be
approximately 3.9 kb. Because fresh frozen human brain tissue was
not available to us, we used monkey brain as a positive control. No
bands were demonstrated in two frozen lymph node tissue specimens,
which served as negative controls.

Twenty human prostatectomy and biopsy specimens, each contain
ing both carcinoma and nonneoplastic tissue, were immunostained
with monocbonal antibodies to nonphosphorylated NF-H. NF-H-im
munoreactive material was detected in normal prostatic epithelial cells
in 50% of the specimens but in none of the malignantepithebialcells
from 20 carcinomas (Fig. 5). Phosphatase treatment of prostatic
sections had no effect on NF-H staining, suggesting that additional
epitopes were not exposed by this treatment and that the prostatic
NF-H-like material is not heavily phosphorylated. NF-H staining was
localized to the glandular secretory cells in the prostate. NF-H reac
tivity was absent in the basal cells of the prostatic acini and in the
fibroblasts and smooth muscle cells of the stroma. Thus, the immu
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Fig. 5. Arrow, immunostaining of NF-H in human prostate. Cytoplasmic staining

(black reaction product) is present in benign prostatic epithelial cells (B) and absent in
malignant prostatic epithelial cells (C).
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shown). Trypsinization of brain and prostatic tissue prior to immuno
staining, a procedure reported to abolish staining by this antibody (8),
eliminated the staining in rat brain but only partially reduced the
staining in rat prostate. An antibody that reacts exclusively with
phosphorylated NF-H was also tested against rat tissue. This antibody
recognized NF-H-like material in neurons within the brain but not in
epithelial cells in the prostate.

DISCUSSION

The study reported here led to two surprising and novel results.
First, a protein similar, if not identical, to NF-H was present in
prostatic epitheiab cells. Second, judged by immunohistochemical
analysis, this protein was consistently and uniformly absent in pros
tatic carcinoma. These findings raise the question of the functional
robe played by neurofilaments in epithelial cells and whether down
regulation of neurofibaments in prostatic cancer is of primary patho
genetic significance.

Initially, the finding of an NF-H-like mRNA sequence in the
prostate gland was interpreted as possible neuronal contamination of
the normal prostatic samples. However, immunostaining demon
strated that the NF-H-bike material in the prostate was indeed local
ized to the epithelial cells. Although the immunostaining data showed
a complete absence of gene expression in cancer cells, the results were
less uniform at the mRNA level. This is probably due to the presence
of varying numbers of nonneoplastic epithelial cells within the cancer
samples.

Northern blotting demonstrated that the prostatic NF-H-bike mRNA
is the same size as brain NF-H mRNA, approximately 3.9 kb in length
(9).ThiscorrespondstothesizeofNF-HmRNAinhumanbrain(9).
However, because the full-length message was not sequenced, we
could not be certain whether the mRNA in the prostate encoded NF-H
or a closely rebated protein.

Neurofilaments have been studied almost exclusively in the central
and peripheral nervous systems. These filaments are major constitu
ents of the neuronal cytoskebeton and are essential determinants of the
radial growth of axons (see Refs. 9 and 11 for reviews). They are
members of a family of heterogeneous proteins called intermediate
filaments that includes vimentin, desmin, glial fibrillary acidic pro
tein, keratins, lamins, peripherin, and internexin.

Neurofilaments are heteropolymers consisting of heavy, medium,
and light chains and are sometimes associated with other proteins,
such as synapsins, suggesting a role in synaptic protein transport (12).
Phosphorylation, which appears to be necessary for forming well
developed cross-bridges, is characteristic of the heavy chain (13).
Phosphorylated neurofibaments are found predominantly within distal
neuronal axons, where they are generally considered to regulate axon
diameter. Nonphosphorybated neurofibaments are found within neuro
nal cell bodies and dendrites.

The full NF-H gene consists of four exons spanning 12 kb (9). The
first three exons are highly conserved and encode an a-helical rod
domain shared by various intermediate filaments (14). In contrast, the
fourth exon of NF-H has a number of serine residues surrounded by
bysine and probine (KSP repeats) that become highly phosphorylated
after newly formed filaments enter the axon but remain largely non
phosphorylated in cell bodies (14). It is this region that confers
specificity to the protein. Interestingly, part of the mRNA identified
by differential display codes for the region in exon four of the NF-H
protein that the monoclonab antibody recognizes (8). Thus, both the
cDNA probe and the antibody to NF-H recognized overlapping re
gions of NF-H. Although differential display is designed to anchor to
the poby(A) tails of mRNA, in this case the poly(T) primer annealed
to an A-rich region within the fourth exon of the gene (Fig. 1 and 3).

Hybridization of a poly(T) primer with an internal A-rich sequence
has been reported by others using differential display (15).

Neurofilaments have been sporadically reported outside the nerv
ous system. Cultured skin fibroblasts (16), myocardial conduction
fibers ( 17), human epithelioid sarcoma ( 18), rat insulinoma ( 19), chick
erythroid cells (20), thymic epithelial tumor cells (2 1), and renal
peritubular stromal cells (22) have been reported to express one or
more neurofilaments. However, the distribution of nonneural neuro
filaments has not been systematically investigated.

It is well known that a small fraction of prostatic glandular cells
demonstrate neuroendocrine differentiation (23). These sparse and
randomly scauered cells rest on the basement membrane between
epithelial cells and typically do not line the lumen. In contrast, the
neurofibament-like protein that we observed was localized to the
secretory cells that form a continuous lining of the glandular lumen.

Genes that play a role in neural differentiation, such as p3-nerve
growth factor, which is a determinant of sympathetic innervation,
have been reported to be expressed in prostate epithelium (24). It is
not known, however, which factors modulate expression of the neu
rofibament-like protein that we discovered in the epithelial cells.

Perhaps more intriguing than the presence of a neurofilament-like
protein in nonneural cells is the relationship between its down-regu
lation and neoplastic transformation. The uniform absence of NF-H
immunoreactivity in all 20 early and bate prostatic cancers studied by
immunoperoxidase staining suggests that this change may be related
to neoplastic transformation. Although sporadically absent, interme
diate filaments are not generally down-regulated in cancer. In fact,
intermediate filaments, including neurofilaments, cytokeratins, vi
mentin,desmin, andgliofibribbaryacidic protein,areall in routineuse
in pathology laboratories and are considered reliable lineage markers
in the study of human neoplasia. Whether the NF-H gene itself
remains intact in prostatic cancer has not yet been determined.

If down-regulation of the expression of this NF-H-like gene is
related to neoplastic transformation in the prostate gland, the mech
anism is unclear. One possibility is that the NF-H gene or a gene that
is closely linked to it serves as a tumor suppressor gene. In this regard,

it is of interest that both the neurofibromatosis 2 (NF2) gene (25) and
the Ewing â€˜ssarcoma gene (26) are found adjacent to the NF-H gene
on chromosome 22. The NF2 gene has been reportedto be disrupted
in some cases of colon (27) and mammary cancer (28) but not in
prostatic cancer.

In summary, NF-H or a gene closely related to NF-H is expressed
in normal prostate and is down-regulated or absent in prostatic cancer
cells. Further investigation is required to elucidate the function of this
protein in normal prostatic epithebium, as well as its possible role in
prostate carcinogenesis.
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