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Brief Communication
Dutasteride prevents the growth response to testosterone in
benign and androgen-sensitive malignant prostate cells
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Abstract: We show that the dual 5-a reductase enzyme inhibitor dutasteride prevents enhanced growth of both be-
nign and malignant prostate cell lines, incubated with physiologic to supraphysiologic doses of testosterone. Using
androgen-sensitive benign BPH-1 cells, LNCaP cancer cells, their derivative C4-2 cells, or Dunning rat cancer cells, we
subjected 30,000 cells/well to concomitant treatment with 109, 108, or 107 M testosterone in the presence of low
(0.25 uM) or high (1.0 uM) doses of dutasteride. Both low- and high-dose dutasteride abrogated testosterone-
stimulated growth of all 4 cell lines. If the in vitro data mimic conditions in men undergoing testosterone replace-
ment, concomitant dutasteride use might make testosterone safe for men with benign prostatic hypertrophy, latent
prostate cancer and perhaps even aggressive prostate cancer. Testosterone might also be used to prevent the rare
anti-androgen side effects of dutasteride when used for benign prostatic hypertrophy and baldness. Further clinical
investigation is indicated.
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Introduction

Testosterone supplementation has proven
benefits in improving muscle weakness, insulin
resistance, osteoporosis, erectile dysfunction,
erythrocytopenia, and cognition in men with
hypogonadism or even low endogenous testos-
terone, but there is concern that androgen ther-
apy may accelerate the growth of previously
undetected, indolent prostate cancer (PC) [1].
Even though epidemiologic data are equivocal
about actual increased risk of PC from andro-
gen replacement [1,2], slow-growing latent an-
drogen sensitive PCs are a common finding re-
ported at autopsy in 29% or 39% - 56% of men,
and longijtudinal epidemiologic studies strongly
correlate high endogenous testosterone with
subsequent risk of prostate cancer [3-5]. There
is also a risk of testosterone replacement wors-
ening benign prostatic hypertrophy (BPH) and
obstructive uropathy.

In the present study, we tested the premise that

5-a reductase enzyme inhibitors might ulti-
mately allow safer androgen therapy, by pre-
venting testosterone-driven growth of PC cells
and benign prostatic epithelium. Inhibitors of 5-
o reductase enzyme are currently used for treat-
ment of BPH, blocking conversion of testoster-
one to dihydrotestosterone, which provides the
main stimulation of androgen receptors. Dihy-
drotestosterone binds to androgen receptors on
prostate cells with 5-10 fold higher affinity than
testosterone does. There are two isoforms of 5-
o reductase enzyme, type | and Il. Type Il is
dominant in prostate, but type | is also present
in prostate tissue and importantly, is upregu-
lated in many cancers. Dutasteride (Avodart),
used for our experiments, blocks both type | and
Il 5-a reductase.

Materials and methods
Cell lines

Four different prostate cell lines were employed,
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to model different clinical scenarios. First, we
used the androgen-sensitive prostate cancer
cell line LNCaP, originally derived from aspira-
tion biopsy of a lymph node metastatic lesion
from a 50-year-old man. These are slow-growing
cells (with a doubling time of 60 hours) that
represent a good model of indolent prostate
cancer which might be activated by androgen
therapy, especially since LNCaP has stable lev-
els of androgen receptor (AR). Secondly, we
used the C4-2 cell line, which was produced by
co-injecting the original LNCaP cells with a hu-
man osteosarcoma cell line MS [6]. We chose
C4-2 because it is more aggressive and is capa-
ble of producing colonies in soft agar in ab-
sence of serum, but, importantly, expresses a
much lower level of AR than parental LNCaP.
Thirdly, to represent a cell line that is highly me-
tastatic and anaplastic yet still androgen-
sensitive, unlike the commonly used PC-3 and
DU145, we chose to test Dunning-R3327 AT6.1
cells [7]. Finally, to investigate the possible ef-
fect of dutasteride on testosterone-promoted
benign hyperplasia, we used benign BPH-1 pros-
tate cells.

LNCaP prostate cancer cells and benign BPH-1
cells, were from American Type Culture Collec-
tion (Manasas, VA). The C4-2 cells were a gift of
Dr. Adrie vanBokhoven (Univ. of Colorado Health
Sciences Center), and the Dunning-R3327
AT6.1 cells were a gift from Dr. Allen Gao, Uni-
versity of California-Davis School of Medicine).
Culture medium for cell lines other than C4-2
was RPMI 1640 (Invitrogen, Carlsbad, CA) with

10% fetal calf serum and antibiotics. C4-2 cells
were grown in T-medium (Invitrogen) with 10%
serum and antibiotics. For cell set-up, cells in a
flask were trypsinized, serum-containing me-
dium was added to neutralize trypsin, cells were
resuspended in basal medium, counted after
dilution with Trypan blue by grid method [8] and
plated at 30,000/well of 6-well plates. Cells
were grown in a 5% COz incubator at 37°C.

Cell treatment and counts

The normal physiologic level of testosterone in
young men is roughly 20 x 10° M (10.4 -36.4
nmol/liter) [9]. Our cells were subjected to con-
comitant treatment with 109, 108, or 107 M
testosterone (Calbiochem, San Diego) dissolved
in methanol, thus providing a range of testoster-
one concentrations going from sub- to supra-
physiologic. The cells were also incubated in the
presence of low (0.25 yM) or high (1.0 pM)
doses of dutasteride (Avodart) dissolved in
DMSO (Glaxo Smith Kline, Research Triangle
Park, NC) or in DMSO alone. After growth inter-
vals of 4 days (Dunning cells), 5 days (BPH-1
cells), or 7 days (LNCaP and C4-2), cells from
each treatment were harvested with trypsin and
diluted with Trypan blue. Cells were pipetted up
and down so that clumps were not seen micro-
scopically. Using a hemacytometer with cover
glass, the cells in 10 (of 18) squares were
counted to estimate cells per microliter. To esti-
mate total cells, the cells per microliter were
multiplied by the volume of medium in which
they were suspended. At least two repeat ex-
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periments of each combination of doses were
performed. Treatment effects were analyzed by
t-test, with significance set at p <0.05.

Results and Discussion

With testosterone alone (Figure 1), a dose-
response relationship of cell growth was noted,
with the most significant increases occurring in
LNCaP and C4-2. At the lower dose of du-
tasteride, the dose-response relationship of cell
growth to increasing testosterone was abol-
ished, except in the Dunning cells. Growth of all
cell lines was significantly inhibited, although
BPH-1 cells’ response was significant with du-
tasteride alone, but not with the added testos-
terone. At the higher dose of dutasteride, mini-
mal numbers of BPH-1 and Dunning cells sur-
vived at the end of the experiment, with abol-
ished dose-response to testosterone. The
LNCaP and the derived C4-2 cells did not sur-
vive the high dose in countable numbers.

Thus, even the lowest 0.25 uM dutasteride dose
significantly abrogated growth of androgen-
sensitive prostate cancer, and 1 uM dose sig-
nificantly abrogated BPH-1 cell growth as well.
This indicates dutasteride could have wide-
spread application for protecting men receiving
testosterone replacement from worsening of
benign prostatic hypertrophy or activation of
latent androgen-sensitive prostate cancer. How-
ever, it is also possible that lowering of dihydro-
testosterone might select for prostate cancer
clones with enhanced androgen receptor signal-
ing [10], counteracting dutasteride’s benefits.
Thus, in vivo studies and clinical trials are re-
quired to verify the efficacy of dutasteride con-
comitant with testosterone as not increasing the
risk of clinically significant prostate cancer. Fur-
thermore, testosterone might also be employed
to obviate rare anti-androgen side effects of 5-a
reductase inhibitors used for benign prostatic
hypertrophy and baldness, and this possibility
also could be pursued through in vivo studies
and clinical trials.
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