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ABSTRACT
This article examines the role of the androgen dihydrotestosterone (DHT) in the healthy and diseased
prostate and considers the implications of the data on DHT for therapeutic approaches to benign prostatic
hyperplasia (BPH). Development and maintenance of the normal prostate, as well as development of BPH,
depend on a functional androgen-signaling axis, components of which include: (1) testosterone synthesis in
the testes and adrenal glands; (2) conversion of testosterone to DHT; (3) transport of DHT to target tissues;
and (4) binding of DHT to the androgen receptor with consequent modulation of genes. DHT plays a
beneficial role in the developing prostate but it can be detrimental in the adult prostate in that it causes
pathologic prostate growth. The role of DHT in other adult tissues is uncertain. DHT has not been shown to
perform beneficial functions unique from testosterone in the adult male, and it is believed that its funda-
mental effect is to amplify testosterone’s weaker hormonal signal. Increased understanding of the cellular
mechanisms by which the androgen-signaling axis functions has led to advances in treatment for prostate
disease. In BPH, the 5�-reductase inhibitors—the only class of therapy to act at the pathophysiologic
substrate of the disease—arrest the disease process, reduce prostate volume, improve symptoms, and
reduce the risk of acute urinary retention and BPH-related surgery. The availability of dutasteride, the first
dual (Type 1/Type 2) 5�-reductase inhibitor, offers the opportunity for rapid and consistent inhibition of DHT.
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Nearly all men who reach average life expect-
ancy are affected by prostate disease.1 The

most prevalent disease of the prostate is benign
prostatic hyperplasia (BPH), histologic evidence of
which is apparent in approximately 5 of 10 men
(50%) who are 50 years of age, and 9 of 10 men
(90%) who are 80 years of age.1,2 The mechanisms
of BPH are multifactorial and are not yet defini-
tively established. However, BPH is known to de-
pend on androgens—in particular, the androgen
dihydrotestosterone (DHT). DHT is also crucial to
the early development and normal growth of the
prostate. This article examines the role of DHT in
the healthy and diseased prostate and considers the

implications of DHT suppression as a therapeutic
approach to BPH.

SYNTHESIS OF DIHYDROTESTOSTERONE

The precursor of DHT is testosterone, most of
which is produced by the Leydig cells of the testis in
response to hormonal signals from the hypothalamus
and pituitary (Video Clip 1: Circulation of testoster-
one to the prostate; http://www.goldjournal.net)
Figure 1.3 DHT is synthesized from testosterone by
5�-reductase, a highly lipophilic enzyme found on
intracellular (ie, nuclear) membranes.4 There are 2
isoenzymes of 5�-reductase, designated Type 1
and Type 2 (Table I).4 5�-Reductase Type 2 is
found predominantly in the prostate and other
genital tissues whereas 5�-reductase Type 1 is
found throughout the body wherever 5�-reductase
is expressed, including the prostate and the skin.5
Both isoenzymes are found in the liver. The isoen-
zymes differ in optimum pH for activity (5.5 pH for
Type 1 vs 7.0 pH for Type 2) and chromosome
location (chromosome 5 for Type 1 vs chromo-
some 2 for Type 2) and are differentially responsive
to 5�-reductase inhibitors.4 Both Type 1 and Type
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2 isoenzymes are sensitive to inhibition by 5�-re-
ductase inhibitors: At their respective therapeutic
doses, finasteride is an inhibitor of Type 2 isoen-
zyme, and dutasteride inhibits Type 1 and Type 2
isoenzymes (Video Clip 2: Conversion of testoster-
one to DHT by 5�-reductase; http://www.
goldjournal.net).5

THE ANDROGEN-SIGNALING AXIS

Development and growth of the normal prostate,
as well as development of BPH or prostate cancer,
depend on a functional androgen-signaling axis,
components of which include: (1) testosterone
synthesis in testes and adrenal glands, (2) conver-
sion of testosterone to DHT, (3) transport of DHT
to target tissues, and (4) binding of DHT to its

target receptor with consequent modulation of
genes.6 DHT becomes physiologically active by
binding to the androgen receptor, a member of the
(intracellular) nuclear receptor superfamily that
includes steroid-hormone receptors and thyroid-
hormone receptors.7,8 The most potent endoge-
nous androgen, DHT has substantially greater
affinity for the androgen receptor than does testos-
terone making DHT the primary driver of this com-
plex process.9

Binding of DHT to the androgen receptor com-
plex results in a cascade of events necessary for the
formation of signaling factors that regulate cellular
growth.10 In the nucleus, 2 DHT-receptor com-
plexes bind as a dimer to high affinity nuclear DNA
sequences (ie, androgen response elements) that

FIGURE 1. Schematic of the hypothalamic-pituitary-testicular-adrenal axis. ACTH � adrenocorticotropin hormone;
DHT � dihydrotestosterone; LH � luteinizing hormone; LHRH � luteinizing hormone–releasing hormone.3

TABLE I. Characteristics of human 5�-reductase isoenzymes4,5

Type 1 Type 2

Chromosome location Chromosome 5 Chromosome 2
Found in prostate? Yes Yes
pH optimum Neutral to basic Acidic
Inhibition by finasteride No (Ki �300 nmol/L) Yes (Ki � 5 nmol/L)
mRNA expression increased in

BPH tissue
Yes Yes

Inhibition by dutasteride Yes Yes
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can modulate the expression of genes (Video Clip
3: Molecular effects of DHT–receptor complex;
http://www.goldjournal.net).11,12 In the prostate,
for example, binding of the DHT/androgen com-
plex to specific androgen response elements causes
the production of proteins, such as prostate-spe-
cific antigen and regulatory proteins that modulate
growth and cellular function.12 When it is not
bound with ligand, the androgen receptor is
thought to be located in the cytoplasm and is inac-
tive.10

The prostate is composed of approximately 40 to
50 ducts lined with epithelial cells and surrounded
by a fibromuscular stroma. Although they are dis-
tinct tissue types, the stroma and the epithelium
interact via cellular signaling mechanisms—in-
cluding those mediated by DHT and DHT-depen-
dent growth factors.13 5�-Reductase, DHT, and an-
drogen receptors are present in both the stroma
and the epithelium of the prostate.10,14 DHT is hy-
pothesized to act on prostate cells via any of several
mechanisms including endocrine, paracrine, or au-
tocrine (Figure 2).8 (Video Clip 4: Signaling factors
via paracrine mechanism modulate growth of pros-
tate; http://www.goldjournal.net)

● With an endocrine mechanism, a hormone re-
leased from a gland is carried via the circulation to
act at target cells. For example, DHT synthesized in
organs distant from the prostate can reach andro-
gen receptors in the prostate stroma via the circu-
lation.

● With a paracrine mechanism, a hormone re-
leased from a cell is carried via diffusion to adjacent
target cells. For example, DHT synthesized in the
stroma can diffuse to adjacent stromal and/or epi-
thelial cells to influence their function.

● With an autocrine mechanism, the cell that
releases the hormone and the target cell are one
and the same.

As with DHT, DHT-dependent mediators, such
as growth factors, can act via paracrine or auto-
crine mechanisms to influence cellular function.
Through these mechanisms, DHT and DHT-de-
pendent growth factors regulate normal prenatal
and postnatal development of the male genitalia
and the prostate, as well as abnormal prostate
growth.8

ROLE OF DIHYDROTESTOSTERONE IN
NORMAL DEVELOPMENT

During normal development, DHT is responsible
for differentiation of the fetal prostate and the de-
velopment of male external genitalia.15 The inte-
gral role of DHT in prostate development is illus-
trated by observations of individuals with Type 2
5�-reductase deficiency arising from a genetic mu-
tation. These individuals have underdeveloped

prostates and genitalia at birth, and the prostate
remains underdeveloped at puberty despite partial
virilization (presumably occurring because of the
action of testosterone).16,17

In addition to these effects, DHT modulates pros-
tatic function in the adult. In the adult prostate,
DHT and other androgens are hypothesized to con-
tribute to the maintenance of homeostasis between
the processes of cell proliferation and cell death (ie,
apoptosis) (Figure 3).12,18 Cell proliferation and
apoptosis are androgen-dependent mechanisms af-
fected by intermediaries set in motion by the bind-
ing of DHT to the androgen receptor. DHT indi-
rectly mediates expression of genes that control
cellular proliferation and death by controlling the
expression and secretion of growth factors.12,19 An-
imal studies show that growth factors secreted by
prostatic stromal cells can act on epithelial cells in
paracrine fashion to affect proliferation and apop-
tosis.12,19 In humans, DHT may stimulate produc-
tion and secretion of growth factors, such as
growth-stimulatory epidermal factor (EGF), kera-
tinocyte growth factor (KGF), and insulinlike
growth factors (IGFs)—all of which modulate cel-
lular proliferation.12 Likewise, DHT affects the ac-
tivity of transforming growth factor–� (TGF-�),
which modulates apoptosis.19,20

DHT plays a beneficial role in the developing
prostate, but it can be detrimental in the adult
prostate, in that it causes pathologic prostate
growth.5,7,12 The role of DHT in nonprostate adult
tissues, other than the skin, is uncertain. DHT has
not been shown to perform beneficial functions
unique from testosterone in the adult male, and it
is believed that its fundamental effect is to amplify
testosterone’s weaker hormonal signal.17

ROLE OF DIHYDROTESTOSTERONE IN
BENIGN PROSTATIC HYPERPLASIA

Consistent with its role in maintaining balance
between cellular proliferation and death in the nor-
mal prostate, DHT plays an important role in the
development of BPH—that is, pathologic prostate
enlargement caused by an increase in cell number
arising from both cellular hyperplasia and reduced
apoptosis.10 Although the role of DHT in BPH has
been defined relatively recently, the importance of
androgens in the development of BPH has been
appreciated for decades on the basis of circumstan-
tial evidence. For example, BPH does not develop
among those undergoing early castration or with
hypopituitarism (which leads to hypoandro-
genism).12 Moreover, the size of the enlarged pros-
tate can be reduced with antiandrogen manipula-
tions, including administration of antiandrogen
medications and surgical castration.12
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These data demonstrating an important role of
androgens in BPH are extended by observations
suggesting that DHT rather than testosterone is the
causative androgen in BPH. For example, concen-

trations of both total and free testosterone in the
plasma decrease as a function of age so that inci-
dence of clinical BPH coincides with a time of de-
creasing circulating testosterone levels.4 Unlike

FIGURE 2. Autocrine, paracrine, and endocrine effects of dihydrotestosterone (DHT) in the prostate.8

FIGURE 3. Diagrammatic representation of factors involved in maintaining homeostasis between cellular prolifer-
ation and cellular death in the prostate. DHT � dihydrotestosterone; EGF � epidermal growth factor; IGFs �
insulinlike growth factors; KGF � keratinocyte growth factor; TGF-� � transforming growth factor–�.12
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circulating testosterone, which decreases with age,
DHT levels do not appreciably decrease.4 Thus,
DHT levels, unlike testosterone levels, remain con-
stant throughout the time that clinical BPH is most
likely to appear. These data are congruent with a
role of DHT in hyperplastic prostate growth and
suggest that testosterone, per se, is not critically
involved directly.

The precise pathophysiologic mechanism of BPH
has not been established, but the evidence de-
scribed above supports an important role for DHT.
Specifically, animal and human studies suggest
that development of BPH entails disruption of
the DHT-supported homeostasis between cell
proliferation and cell death such that proliferative
processes predominate and apoptotic processes are
inhibited (Figure 4).8,12 The disruption of homeo-
stasis could arise from perturbations in androgen
levels or function (eg, from altered responsivity of
the androgen receptor to stimulation with DHT)
and/or from perturbations in levels or function of
growth factors that are mediated by DHT.

TREATMENT OF BENIGN PROSTATIC
HYPERPLASIA

For some men, BPH is a progressive disease, de-
fined as continued prostate growth, worsening of
symptoms, and an increased risk of long-term
complications such as acute urinary retention and
BPH-related surgery. Two classes of medications
with different mechanisms of action are available
for the treatment of symptomatic BPH. Alpha-

blockers are effective in improving the symptoms
of BPH regardless of prostate volume, but do not
reduce the size of the prostate or arrest the disease
process. In men with BPH and an enlarged pros-
tate, 5�-reductase inhibitors reduce prostate vol-
ume, arrest the disease process, and improve symp-
toms over time.21–23 In clinical studies of men with
BPH, 5�-reductase inhibitors reduce prostate vol-
ume by approximately 20% to 30%.23,24 As dis-
cussed above, DHT plays an important role in the
development of BPH. Furthermore, in BPH tissue,
Type 1 and Type 2 5�-reductase mRNA expression
is slightly but significantly increased.14 These ob-
servations support the role of dual 5�-reductase
inhibition in the treatment of BPH. (Video 5).

Dutasteride inhibits both Type 1 and Type 2 5�-
reductase isoenzymes (Video Clip 5. Inhibition by
dutasteride of both type 1 and type 2 5-� reductase;
http://www.goldjournal.net).21 This dual inhibi-
tion reduces median serum DHT levels by 90% at 2
weeks and 93% at 2 years.21 Data collected from
large (N � 4325) pivotal trials demonstrated the
effectiveness of dutasteride in reducing prostate
volume, arresting the disease process, and improv-
ing symptoms. (Video Clip 6: Clinical effect of
prostate shrinkage by dutasteride; http://www.
goldjournal.net).23 In the pivotal trials, the most
common drug-related adverse events in men tak-
ing dutasteride were impotence (4.7% dutasteride
patients and 1.7% placebo patients, months 0 to 6;
0.8% dutasteride patients and 0.9% placebo pa-
tients, months 19 to 24), decreased libido (3.0%

FIGURE 4. Diagrammatic representation of the prostatic imbalance between cellular proliferation and cellular
death hypothesized to underlie benign prostatic hyperplasia. DHT � dihydrotestosterone; EGF � epidermal growth
factor; IGFs � insulinlike growth factors; KGF � keratinocyte growth factor; TGF-� � transforming growth factor–
�.12
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dutasteride and 1.4% placebo, months 0 to 6; 0.3%
dutasteride and 0.1% placebo, months 19 to 24),
ejaculation disorder (1.4% dutasteride and 0.5%
placebo, months 0 to 6; 0.1% dutasteride and 0.0%
placebo, months 19 to 24), and gynecomastia
(0.5% dutasteride and 0.2% placebo, months 0 to
6; 0.6% dutasteride and 0.1% placebo, months 19
to 24).21

CONCLUSIONS

Development and maintenance of the normal
prostate as well as development of BPH depend on
a functional androgen-signaling axis, components
of which include: (1) testosterone synthesis in tes-
tes and adrenal glands; (2) conversion of testoster-
one to DHT; (3) transport of DHT to target tissues;
and (4) binding of DHT to the androgen receptor
with consequent modulation of genes. DHT plays a
beneficial role in the developing prostate but can
be detrimental in the adult prostate in that it causes
pathologic prostate growth. DHT has not been
shown to perform beneficial functions unique from
testosterone in the adult male, and it is believed
that its fundamental effect is to amplify testoster-
one’s weaker hormonal signal.17 Increased under-
standing of the cellular mechanisms by which the
androgen-signaling axis functions has led to ad-
vances in treatment for prostate disease. In BPH,
the 5�-reductase inhibitors—the only class of ther-
apy to act at the pathophysiologic substrate of the
disease—arrest the disease process, reduce pros-
tate volume, improve symptoms, and reduce the
risk of acute urinary retention and BPH-related
surgery.
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Video Clips cited in this article can be viewed
on the Internet at: http://www.goldjournal.
net.
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