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We have analyzed the effects of the 5a-reductase inhibitor,
finasteride (MK906), on the mRNA expression of the epider-
mal growth factor receptor and c-erbB-2 genes, in benign
prostatic hyperplasia explant cultures treated with testoster-
one and with testosterone plus finasteride. A decrease of the
epithelial cell content and an androgen-independent basal cell
re-epithelialization was observed during the first 10 days of
culture, suggesting a role of basal cells as stem cells involved
in androgen-independent epithelial regeneration. Using a
semi-quantitative reverse transcription polymerase chain
reaction technique, we observed a significant decrease in
expression of the epidermal growth factor receptor in the
cultures treated with finasteride whereas no effect of finaste-
ride on c-erbB-2 transcription was detected, although the
expression of both genes was increased by dihydrotestoster-
one. Int.J. Cancer 76:519-522, 1998.
© 1998 Wiley-Liss, Inc.

MATERIAL AND METHODS
Specimens

Eleven BPH samples were collected at the time of surgery. The
protocol had previously received ethical approval, and informed
consent was obtained from all patients. Finasteride (MK 906) was
generously supplied by Merck, Sharp and Dohme (Rahway, NJ).

Explant cultures

Explant cultures were performed as described previously (Geller
etal.,1993) with some modifications. BPH samples were placed on
ice in RPMI-1640 supplemented with 7.5% NaH§ O-glutamine
(200 mM) and 5% charcoal-treated (steroid-free) FCS (FCS-SF)
(GIBCO-BRL, Gaithersburg, MD) and minced with a scalpel into
2 X 2 mm cubes. Explants were next placed in culture dishes with
an adequate volume of RPMI-1640 supplemented with 5% FCS-SF
and 10 nM testosterone (T) and incubated for 3 days at 37°C in

95% O, 5% CG. From day 4, explant cultures were transferred

Benign prostatic hyperplasia (BPH) is one of the most commgo each of the following media: 1) medium C: basal RPMI with

S . ; . % FCS-SF (control group); 2) medium T: basal RPMI with 5%
pathologies in aging men in the Western world, affecting 80% CS-SF and T (10 nM); and 3) medium FT: basal RPMI with 5%

men over 70 years old (Bostwigk al.,, 1992). Itis well established pcg Sk and finasteride (F) (10 mM) plus T (10 nM). Cultures were
that prostate growth is dependent on androgens, since androgefiniained under the above conditions for an additional period of
withdrawal markedly reduces prostatic size (Bosttal,, 1989), 15 days. Media were replaced every other day, and explant samples
and men with &-reductase deficiency have a poorly developefhr RNA extraction and immunohistochemistry were obtained on
prostate (Imperato-McGinlegt al., 1974). Thus, to treat patients days 3, 10 and 18 of culture.

with BPH, inhibition has been attempted of the intracellular . .

enzyme &-reductase type 2, which metabolizes testosterone (T) fgstosterone and DHT hormonal levels in culture media _
dihydrotestosterone (DHT), the androgen considered to be main?,Testosterpne and DHT levels were measured in the culture media
responsible for prostatic growth. Among the-Beductase inhibi- ©Of all experimental culture conditions on days 3, 10 and 18 by a
tors, finasteride (MK 906) has been demonstrated to be an effecigdioimmunoassay with the testosterot@[-coated tube radioim-
inhibitor of Sa-reductase type 2 activity (Rittmastet al., 1989; Mmunoassay kit (Spectria, Orion Diagnostica, Espoo, Finland) and

Spera and Lubrano, 1996; Stoner, 1996), and its effect has b&nc 9800 ACTIVE dihydrotestosteron&H]-coated tube radioim-
assessed in men wit’h BPH’(McCor{mailaI i992) munoassay kit (Diagnostic Systems, Webster, TX), using suitable

) ) standards and controls. DHT determination required a prior extrac-
It is well known that proto-oncogenes can be activated hjon procedure with n-hexane:ethanol (98:2). Ninety percent of the

different processes, including androgen stimulation; once aciHT was recovered from the media with this procedure. The

vated, they trigger uncontrolled cellular growth and transformatiointerassay variation of the DHT determination was 7%.

as has been established in several human tumors (DeeVih, . . .

1990). However, when compared with other processes, the invol/BLITunohistochemical staining _ _

ment of activated cellular genes in the development of BPH Formalin-fixed paraffin-embedded 5 um sections were stained

remains poorly understood. Overexpression of EGFr aerb-2  With haematoxylin-eosin. Additional sections were used for immu-

have been assessed in BPH as well as in prostate cancer andtiistochemical staining of epithelial basal cell high m.w. keratin

lines (Mellonet al.,1992; Chinget al.,1993; Lubrancet al.,1993;

Myers et al., 1993; Harperet al., 1995; Peehl, 1996), and

overexpression of erbB-2 correlated with distant metastasis and Grant sponsor: Institut Catalde la Salut; Grant sponsor: Fondo de

poor prognosis in prostate carcinoma patients (M’ 1994) Investigaciones Sanitarias; Grant number: FIS 98/0199

In view of the important role of EGFr anderbB-2 in prostate
growth and in neoplastic transformation, and of the fact that it is not*Correspondence to: The Burnham Institute, La Jolla Cancer Research
clear whether or not finasteride can decrease the mRNA levelsf@undation, 10901 North Torrey Pines Road, La Jolla, CA 92037. Fax:
EGFr and cerbB-2 in BPH, we performed this study using a(®19) 646 3199. E-mail: sschwartz@licrf.edu
three-dimensional organ culture model and semi-quantitative re-
verse transcriptase polymerase chain reaction (RT-PCR). Received 21 July 1997; Revised 5 January 1998
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TABLE | — SPECIFIC PRIMERS FOR THE SEMI-QUANTITATIVE RT-PCR

EGFf 5’-ACAGCC ATG CCC GCATTAGCT CTAA-3 T
EGFr 5'-GGAATG CAACTT CCCAAAATG TGC C-3 y LY
c-erbB-2"  5'-CCT CTGACG TCCATCATC TC-3 a0y
c-erbB-2r 5'-CGGATC TTC TGC TGC CGT CG-3 .
gapdt 5'-TGG TAT CGT GGAAGG ACT CAT GAC-3 '

gapdh 5-ATG CCAGTGAGC TTC CCGTTCAGC-3

1Superscript f, forward primer; superscript r, reverse primer.

903, using the purified mouse monoclonal lgéhtibody (MAb)  «
34BE12, specific for basal cells, (Biogenex, San Ramon, CA) i 3
well as streptavidin-biotin complex (LSAB Kit, Dako, Copenha:
gen, Denmark) and diaminobenzidine (DAB; Sigma, St Loui¢
MO) as follows: slides were pre-digested in pronase (Sigma) a 2
0.5 mg/ml phosphate buffered saline (Life Technologies, Gaither
burg, MD) for 10 min. Primary incubation with the BE12 MAb
was performed at 1:20 dilution overnight at room temperatur
Secondary incubation with a biotinylated horse antibody ant
mouse antibody at 1:500 dilution (Vector, Burlingame, CA) wa .t -
carried out for 30 min at room temperature. Streptavidin-bioti
amplification was carried out for 30 min. The slides were deve,
oped with DAB for 10 min as a chromogen and counterstained. \$
be
RNA extraction and semi-quantitative RT-PCR F ;
The RNA extraction and the reverse transcription were pe}‘ <
formed as described by Chomczynski and Sacchi (1987) a ™%
Sambrooket al. (1989). All RNA samples were treated with| =
DNAase | (Boehringer Mannheim, Germany) at 37°C for 1 hr, an
reverse transcribed at 37°C for another 60 min with MMuLV.: *
reverse transcriptase (Boehringer Mannheim) to obtain cDNA -
The following semi-quantitative RT-PCR procedure was performe b :
as previously described (Fry al., 1989), using specific primers
for EGFr (amplified fragment of 109 bp) (ba et al., 1993),
c-erbB-2 (98 bp) (Yamamotet al., 1986) and glyceraldehyde-3-
phosphate-dehydrogenase as control (gapdh) (190 bp) (Nebor \

£

al., 1994) (see Table I). A double and simultaneous PCR amplific
tion of cerbB-2 or EGFr and gapdh cDNAs was performec
respectively for each sample. RT-PCR assays were performed w
0.4 mM of gapdh primers and 1 mM of EGFr oecbB-2 primers.
PCRs were carried out as follows: 94%C10 min, and 94°Cx 1
min, 55°CX 1 min, 72°CX 2 min for 30 cycles. The amplification
reaction was completed with a final extension run at 72°Cmin.
All reactions were stopped at the midpoint of the exponential pha
of the amplifications (data not shown). All samples were amplifie
at the same time and with the same stock solutions ofM@aq
polymerase (Boehringer Mannheim) and primers, and using 100
of cDNAs as templates, 1.5 mM magnesium and 5 units of Te
polymerase. The reaction mixture was electrophoresed in ethidit
bromide-stained 3% agarose gel and the integrated optical den:
(IOD) of the resolved bands quantified using a Cue-2 Image

Analyzer (Olympus, Tokyo, Japan). The reported relative contentsricure 1 — Re-epithelialization in explant culturgs) Hematoxylin/

of c-erbB-2 and EGFr cDNAs are obtained by expressing the&osin staining of an explant at day 3. Only epithelial basal cells are
values on the basis of gapdh cDNA content for each sample aprésent in the glands (arrowgp) Hematoxylin/eosin staining of an
normalized to their respective controls at 10 and 18 days of ea@plant at day 10 of culture with cell re-epithelialization (arrov(s).

treatment group. Statistical analysis was performed using the magsal cell keratin 903 immunohistochemical staining of an explant at
+ SEM of the results ay 10 of culture. Re-epithelialized cells are stained in brown (arrows).

Glandular (G) and stromal (S) components are indicated. Scalebars
40 pm.

RESULTS
- . testosterone was detected in the culture media of the testosterone-
Testosterone and DHT hormonal levels in the culture media treated explants, in which DHT synthesis is not inhibited,

We assessed the levels of testosterone and DHT in the media of )
each cultured explant at the time of RNA extraction. No detectalfithelial cell content in BPH explant cultures
levels of DHT were found in the media of the control groups (in To assess the content and integrity of epithelial cells in our
which no testosterone was added) or in the media of the finastermeétures, tissue samples were collected on days 3, 10 and 18 of
plus testosterone-treated explants, in which DHT synthesis dslture, fixed, paraffin-embedded and hematoxylin/eosin-stained as
inhibited. DHT concentration in the testosterone-treated grougescribed above. Densitometric analysis of those samples showed
was 135+ 18 pmol/L at day 10 and 148 20 pmol/L at day 18. No that epithelial cell content was very low on day 3 in all culture
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TABLE Il — MEAN = SEM OF THE EGFr/gapdh AND erbB-2/gapdh NORMALIZED RATIOS

10 days 18 days
C T FT C T FT
EGFr 1.0+ 0.15 0.9*+0.15 09+0.15 1.0+£0.15 1.6+x0.1% 04*0.1%3
c-erbB-2 1.0x0.2 1.0+ 0.2 0.9+ 0.2 1.0+ 0.2 25+ 0.2 27+ 0.2

1C, control group; T, testosterone group; FT, finasteride plus testosterone g&iafistical significance
compared with day 103Statistical significance compared with testosterone group.

10 days 18 days 10 days 18 days
C T [T C T KT . T FT T FT
gapdh » gapdh [ T W
egfr » E c-erbB2>_ m
1.0 0.9 0.9 1.0 1.5 0.23 1.0 1.2 0.88 1.0 25 27

FIGURE 3 - c-erbB-2/gapdh semi-quantitative RT-PCR. Amplified
nds of control (C) and testosterone (T)- and finasteride plus
tosterone (FT)-treated groups on days 10 and 18 of culture of one
resentative explant culture ecbB-2/gapdh 10D normalized ratios

e listed below each lane, taking the ratio of control group as one
itrary unit.

FIGURE 2 — Semi-quantitative RT-PCR of EGFr/gapdh. Amplifie
bands of control (C) and testosterone (T)- and finasteride pl
testosterone (FT)-treated groups on days 10 and 18 of culture of
representative explant culture. The EGFr/gapdh 10D normalized rati
are listed below each lane, taking the ratio of control group as o
arbitrary unit.

N _ DISCUSSION
conditions and only basal cells could be seen in the glands of the

explants (Fig. 4). When cultures of days 3 and 10 were compared We have observed a marked decrease of epithelial cell numbers
%ji:xplanted prostate tissue during the first 3 days of culture. This

with day 18, we detected an increase in the basal epithelial ¢ o & ]

content and a progressive re-epithelialization process (Fig. 1[$iS appears to be specific for epithelial cells; basal cells appear to

Indeed, re-epithelialization was progressive from day 3 to day 10gnain intact throughout the culture period. Since 10 nM testoster-

culture, with no differences observed among the various tre&'€ Was applied to explants throughout this period, the loss of
gﬂlthellal cells cannot be considered as being a consequence of

ments. This androgen-independent bajsal cell re-epitheliglizati ndrogen deprivation but rather due to an adaptation period. After
was confirmed in all culture groups by immunohistochemistry e 3rd day of culture and during the following 7 days, epithelial

basal epithelial cell high m.w. keratin 903 (Fig. 1c). Densitometri | content increased progressively in an androgen-independent

analysis showed no differences in the basal epithelial cell cont : G
nner. This re-epithelialization process has also been reported by
among treatment groups between days 10 and 18 of culture. others who used prostate epithelial explant cultures &g aitro

study model (Nevalaineet al., 1993). The cells of the newly

Epidermal growth factor receptor nRNA expression in BPH ~ formed epithelium were positive for basal cell keratin 903,
explant cultures suggesting the possibility that basal cells can act as stem cells.

; Further studies are necessary to investigate this possibility, as
The meant SEM EGFr/gapdh 10D ratio at day 3 was 0.37
0.2 and under-expresseg 5vhen compared v)\//ith fresh tisstidgested by other authors (Bonkhoff and Remberger, 1996).
(9.0 = 2.0; not shown; Table II). A representative EGFr/gapdh Since EGFrand erbB-2 genes are physiologically expressed in

RT-PCR assay at days 10 and 18 of culture is presented in Figurépithelial cells of the prostate (Frydenberl., 1991; Kuhretal.,
The 10D ratios were normalized considering the ratio of contrdi993; Montone and Tomaszewski, 1993; Sadassfaal., 1993),

group as one arbitrary unit. The meanSEM of the normalized W€ assumed that the remaining basal cells are the source of EGFr

ratios of each treated group is shown in Table II. No differences #f'd c€rbB-2 in our explants, although further studies must be
EGFr expression were found among groups at day 10, but at daycfgiducted to confirm this point. .

a significant under-expression was detected in the finasterideAlthough it must be take in consideration that mRNA levels may
treated groups, whereas an increased expression was found in®lereflect what it is happening at the protein level, our results

testosterone groups, compared with controls. suggest that EGFr expression is regulated in an androgen-
dependent manner in BPH. Our results are in agreement with others

showing increased EGFr expression in tumor cell lines treated with

C-erbB-2 mRNA expression in BPH explant cultures testosterone or DHT (Liet al., 1993; Sehgaét al., 1994; Braset

The mean+ SEM |OD ratios of cerbB-2/gapdh obtained on day al., 1995), although EGFr expression may be relatively androgen
3 was 0.35+ 0.2. No statistical differences were found wherndependent in BPH (Sherwood and Lee, 1995) as it is in the
compared with fresh samples 0.430.3 (not shown). Expression androgen-independent tumor cell lines PC3 and DU145. Thus, itis
levels of cerbB-2 were measured on days 10 and 18 of culture aripssible that other androgen-independent regulatory pathways may
the ratios normalized. A representativeertB-2/gapdh assay of regulate expression of EGFr. This question awaits further investiga-
one explant is shown in Figure 3. No significance differences welién.
found between groups treated with finasteride and groups treate®n the other hand, erbB-2 expression increased in the testoster-
with testosterone, at either day 10 or 18 of culture. Neverthelesme-treated explants, suggesting a stimulatory effect of DHT.
increased levels of erbB-2 were found when comparing day 18However, no effects of finasteride were found when comparing
with day 10 for both groups of treatment. MeanSEM values are expression levels of the testosterone-treated groups with the
summarized in Table II. finasteride plus testosterone groups, in whiariaB-2 levels were
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