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Cellular Localization of mRNA Expression of Enzymes Involved
in the Formation and Inactivation of Hormonal Steroids
in the Mouse Prostate

G. Pelletier, V. Luu-The, S. Li, J. Ouellet, and F. Labrie

Oncology and Molecular Endocrinology Research Center, Laval University Medical Center, Québec, Canada (CHUL),
and Laval University, Québec, Canada

SUMMARY It is well documented that several tissues, including the prostate, are actively
involved in the local formation and inactivation of hormonal steroids. To identify the cell
types involved in the formation and inactivation of androgens and estrogens in the ventral
lobe prostate, we have localized by in situ hybridization (ISH) a large number of ste-
roidogenic as well as steroid-inactivating enzyme mRNAs in the adult mouse prostate. In
parallel studies, we also measured enzyme mRNA levels by quantitative real-time PCR (RT-
PCR) in ventral lobe prostates. From the results obtained with quantitative RT-PCR, it
appears that, with a few exceptions, the enzyme with low mRNA expression could not be
detected by ISH. The following enzymes have been localized by ISH: 17 3-hydroxysteroid dehy-
drogenase (173-HSD) types 1, 2, 3, 4, 7, 8, 9, 10, and 11; 5a-reductase type 2; 58 reductase
type 1; P450 7a hydroxylase; estrogen sulfotransferase type 1; 118-HSD types 1 and 2; and

>~
=
=
e
b}
=
QO
O
-—
>~
)
)
>
=
=
=
5}
-~
QO
o
J)
2
I
Y
o
©
-
p -
o)
=}
b}
=
I—.

UDP-glucuronosyltransferase 1A6. All of these mRNAs are expressed in the epithelial cells KEY WORDS

of prostatic acini. Several enzyme mRNAs were also localized in stromal cells. Types 1, 7, steroidogenic enzymes
and 10 17B-HSD, estrogen sulfotransferase type 1, and 113-HSD types 1 and 2 were found prostate

only in epithelial cells. The present results indicate that both epithelial and stromal cells in androgens

the mouse prostate play a role in local formation and inactivation of hormonal steroids. estrogens

(J Histochem Cytochem 52:1351-1356, 2004)

IT 1S WELL DOCUMENTED that the concentration of di-
hydrotestosterone (DHT) in human prostate is de-
creased by only 50% in men who have had their testi-
cles removed or who have had complete blockage
of testicular testosterone secretion following chronic
treatment with a luteinizing, hormone-releasing hor-
mone agonist (Labrie et al. 1985a,b,1996). These ob-
servations suggested that in the absence of testes, there
is another source of androgens for the prostate. It thus
appeared likely that DHT originates from the con-
version of adrenal androgen precursors. In fact, in go-
nadectomized rats, the administration of dehydro-
epiandrosterone (DHEA) or androstenedione, two
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in situ hybridization

inactive sex steroid precursors, allows the return of
the prostate to the weight found in intact animals by
conversion of the two precursors into the potent an-
drogen DHT (Labrie et al. 1988).

In recent years, the existence of a local biosynthesis
of sex steroids, or intracrinology (Labrie et al. 1988;
Labrie 1991) has been supported by demonstration of
the expression of several steroidogenic enzymes in pe-
ripheral tissues, including the prostate (Martel et al.
1994; Luu-The 2001; Labrie et al. 2003). We have also
reported, using immunocytochemistry and in situ
hybridization (ISH), the cellular localization of 3-
hydroxysteroid dehydrogenase (33-HSD) type 1, 17B-
HSD type 5, and Sa-reductase types 1 and 2, the en-
zymes involved in the conversion of circulating DHEA
to DHT in human prostate (Pelletier et al. 1998,1999;
El-Alfy et al. 1999). So far, the localization of ste-
roidogenic enzyme mRNAs in the mouse prostate has
not been reported.
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To define the cell types involved in the local synthe-
sis and degradation of sex steroids in the rodent pros-
tate, we have studied the localization of mRNAs ex-
pressing a series of steroidogenic enzymes in the mouse
ventral prostate by ISH. For each enzyme, we also
measured mRNA levels in mouse ventral prostate us-
ing quantitative real-time PCR (RT-PCR).

Materials and Methods

Animals

Fourteen adult male and four female (26-30 g) C57BL6
mice were housed under constant temperature (21 = 1C)
and light (lights on from 06 to 20 hr) regimen. The animals
received Purina Chow (Ralston-Purina, St Louis, MO) and
tap water ad libitum. For histological procedures, four male
and four female mice were perfused between 09 and 10 hr,
as described below. For RNA preparation, 10 male animals
were killed by cervical dislocation. The ventral prostates
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Histological Procedures

All the animals were perfused transcardially with 50 ml 4%
(w/v) paraformaldehyde in 0.1 M phosphate buffer (pH
7.4). The different tissues, namely the liver, kidney, lung, ad-
renal, ovary, testis, mammary gland, uterus, and ventral
lobe of the prostate were excised and postfixed in the same
fixative for 24 hr at 4C. All the samples were then placed in
15% sucrose in 0.1 M phosphate buffer before being quickly
frozen in isopentane chilled in liquid nitrogen.

In Situ Hybridization

Frozen sections (10 pm thick) were serially cut at —20C and
mounted onto gelatin- and poly-L-lysine-coated slides. The
vector used for production of the cRNA probe was con-
structed by insertion into a pBSKSII+ vector (Stratagene, La
Jolla, CA) of ¢cDNA fragments. The characteristics of the
fragments of mouse enzyme cDNAs that have been studied
are listed in Table 1.

The cDNA fragments were obtained by amplification us-
ing polymerase chain reaction. ISH with the antisense and

were rapidly trimmed and snap frozen in liquid nitrogen and
stored in a —80C freezer until processed.

sense 3°S-labeled cRNA probes was performed as previously
described (Givalois et al. 1997). Briefly, the sections were

Table 1 Mouse prostate cell expression of mMRNAs encoding the enzymes involved in hormonal steroid formation and inactivation

RT-PCR
Enzymatic GenBank cDNA Tissues showing Labelled prostate (copies/pg
Enzyme activity number fragment® specific ISH signal cell types total RNA)
3a-HSD Inactivation NM_134072  484-1028 Uterus —b 2732
3B-HSD type 1 Formation = M58567 168-418 Adrenal cortex — 103
3B-HSD type 3 Formation  M77015 1371-1592  Adrenal cortex — 1738
3B-HSD type 5 Formation = NM_008295 137-391 Ovary — 581
17B-HSD type 1 Formation = NM_010475 47-550 Ovary Epithelial 2300

Inactivation Y09517 610-1117 Liver
Formation = U66827 67-526 Testis
Inactivation X89998 511-1026 Skin Epithelial and stromal 201 250
Formation =~ AH007907 619-1073 Liver — 1596
Formation  Y15733 263-575 Ovary Epithelial 17 226
Inactivation NM_013543 276-812 Ovary Epithelial and stromal 43 180
Inactivation NM_013786 280-759 Liver Epithelial and stromal 5155

17B-HSD type 2
17B-HSD type 3
17B-HSD type 4
17B-HSD type 5
17B-HSD type 7
17B-HSD type 8
17B-HSD type 9

Epithelial and stromal 2443
Epithelial and stromal 72

17B-HSD type 10 Inactivation AF233685 248-745 Uterus Epithelial 403 750
17B-HSD type 11 Inactivation AF304306 77-606 Uterus Epithelial and stromal 17 790
5a-Reductase type 1 Formation  XM_127470 114-373 Liver — 8025
S5a-Reductase type 2 Formation =~ AB049456 230-665 Adrenal cortex  Epithelial and stromal 48 074
20a-HSD Inactivation AB059565 36-288 Adrenal cortex — 1736
Aromatase (P450arom) Formation NM_007810 665-1151 Ovary — 306
17a-Hydroxylase, 17,20-lyase (P450c17) Formation =~ NM_007809  829-1328 Testis - 768
21-Hydroxylase (P450c21) Formation NM_009995 295-826 Adrenal cortex — 37 700

P450 7a-hydroxylase Inactivation L06463 311-765 Skin Epithelial and stromal ND
DHEA sulfotransferase (Sult 1B1) Inactivation NM_019878 280-738 Colon — ND
Cholesterol and DHEA sulfotransferase (Sult 2B1) Inactivation NM_017465 233-749 Epididymis — 247
Estrogen sulfotransferase type 1 Inactivation NM_133670 63-566 Liver Epithelial 32834
5B-Reductase type 1 Inactivation NM_145364 135-594 Liver Epithelial and stromal ND
11B-HSD type 1 Formation = NM_008288 129-640 Liver Epithelial 93 230
11B-HSD type 2 Inactivation NM_008 289  274-775 Liver Epithelial 29 835
UGT1A6 Inactivation U16818 40-549 Liver Epithelial and stromal 2515
UGT2B5 Inactivation NM_009467 244-501 Liver — ND

DHEA, dehydroepiandrosterone; HSD, hydroxysteroid dehydrogenase; ISH, in situ hybridization; ND, not detectable; RT-PCR, real-time PCR; UGT, UDP-glucurono-
syl transferase.

aDownstream position from the ATG start codon.

b, Significant hybridization signal could not be detected.
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Steroidogenic Enzymes in Mouse Prostate

Figure 1 (A) Micrograph illustrating the localization of type 1
17B-hydroxysteroid dehydrogenase mRNA. Only epithelial cells (E)
are labeled (—). (B) Consecutive section hybridized with the radio-
labeled sense probe. Only a few dispersed silver grains can be ob-
served. S, stromal cells; L, acinar lumen. Exposure, 30 days, X800.

prehybridized at room temperature in a humid chamber for
2 hr in 450 pl/slide of a prehybridization buffer containing
50% formamide, 5X SSPE (1X SSPE being 0.1 M NacCl,
10 mM NaH,PO4 pH 7.4, 0.8 mM EDTA), 5X Denhart’s
buffer, 200 mg/ml, denatured salmon testis DNA (Sigma, St
Louis, MO), 200 pg/ml yeast tRNA, 2 pg/ml Poly A (Boeh-
ringer-Mannheim, Montreal, Canada), and 4% dextran sul-
fate. After prehybridization treatment, 100 wl hybridization
mixture (prehybridization buffer containing 10 mM dithio-
threitol and the 33S-labeled cRNA probe at a concentration
of 10 X 10¢ cpm/ml) was spotted on each slide, sealed under
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a coverslip, and incubated at 37C overnight (15-20 hr) in a
humid chamber.

After hybridization, coverslips were removed and slides
were rinsed in 2X SSC at room temperature for 30 min. Sec-
tions were then digested by RNase A (20 pg/ml in 2X SSC)
at 37C for 30 min, rinsed in decreasing concentrations of
SSC (2 SSC and 1X SSC) for 30 min at room temperature,
washed in 0.5X SSC for 30 min at 37C, followed by 90 min
at room temperature in 0.5 X SSC, and finally for 30 min at
room temperature in 0.1X SSC.

The sections were then dehydrated and coated with lig-
uid photographic emulsion (Kodak-NTB2; diluted 1:1 with
water). Slides were exposed for 7-45 days, developed in a
Dektol developer (Kodak, Rochester, NY) for 2 min, and
fixed in rapid fixer (Kodak) for 4 min. Thereafter, the sec-
tions were rinsed and stained with haematoxylin.

RNA Preparation and Quantification of mRNA
Expression Levels

Total RNA was isolated from a pool of 10 prostates with
Trizol (Invitrogen, Burlington, Ontario). Twenty ug of total
RNA was converted to cDNA by incubation with 400 U
SuperScript II reverse transcriptase (Invitrogen), T7-oligo-d
(T)24 as primer (5'-GGC-CAG-TGA-GTA-ATA-CGA-CTC-
ACT-ATA-GGG-AGG-CGG-(dT),4-3"), 1X first-strand buffer
(50 mM Tris-HCI, pH 8.3, 75 mM KCI, 3 mM MgCl, 10
mM dithiothreitol) and 0.5 mM deoxynucleotide triphos-
phate at 42C for 1 hr.

Quantification of mRNA levels was performed using a
quantitative RT-PCR method that permits monitoring the
efficiency of the PCR amplification process by calculating
the efficiency coefficient of corresponding standard curves.
The LightCycler Realtime PCR apparatus as well as reagents
were from Hoffman-La Roche, Inc. (Nutley, NJ). The reac-
tion was performed using the amount of cDNA correspond-
ing to 30 pg of initial total RNA. Oligoprimer pairs that al-
low the amplification of ~200 bp of indicated mRNA were
designed by GeneTools software, and their specificity was
checked by blasting in the GenBank database. To avoid er-
rors due to RNA and ¢cDNA preparation and loading, we
normalized with a housekeeping gene Atp5o (subunit O of
ATPase) at each assay. Atp50 has been shown to be a gene
that has stable expression levels from embryonic life through
adulthood in various tissues (Warrington et al. 2000). The
mRNA levels are expressed as number of copies/ng total
RNA that are calculated using a standard results curve of
AtpSo.

Results

As positive controls, enzyme mRNAs were localized
by ISH in tissues known to express the enzyme. For all
the enzymes studied, positive data were obtained in at
least one tissue excluding the prostate (Table 1). Spe-
cific labeling was detected in the prostate for the
following enzymes involved in either formation or
degradation of hormonal steroids: 173-HSD types 1,
2,3,4,7,8,9,10, and 11; P450 7a-hydroxylase; Sa-
reductase type 2; 5B-reductase type 1; estrogen sul-
fotransferase type 1; 118-HSD types 1 and 2, and
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UDP-glucuronosyltransferase 1A6 (UGT1A6) (Table
1). The enzyme mRNAs have been found to be ex-
pressed in epithelial cells of the prostatic acini (Table
1; Figures 1-3). In several cases, stromal cells were
also specifically labeled (Figures 1-3). Types 1, 7, and
10 17B-HSD, 11B-HSD types 1 and 2, as well as es-
trogen sulfotransferase type 1 were only detected in
epithelial cells. Several enzymes could not be detected
by ISH, even following long exposures (up to 45
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Figure 2 (A) Micrograph illustrating
type 8 17B-hydroxysteroid dehydro-
genase mRNA localization. Strong la-
beling can be observed over epithe-
lial cells (E), whereas stromal cells (S)
are weakly labeled. Arrows indicate a
few labeled epithelial cells. (B) Con-
secutive section hybridized with the
labeled sense probe. Few silver grains
are present. L: acinar lumen. Expo-
sure, 14 days, X700.

days). As shown in Table 1, quantitative RT-PCR data
show a wide variation in the expression of the differ-
ent enzyme mRNAs. In general, it could be observed
that when the amount of mRNA copies/pg total RNA
was less than 2000, no hybridization could be de-
tected. When the radiolabeled sense probes were used
for hybridization in consecutive sections, only weak
and diffuse labeling corresponding to background
could be detected in all cases (Figures 1-3).
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Steroidogenic Enzymes in Mouse Prostate

Figure 3 (A) Micrograph showing
the localization of type 2 5a-reduc-

tase. Silver grains are seen over both ‘
epithelial (E) and stromal (S) cells. Ar- oL
rows indicate a few labeled epithelial
cells. (B) Consecutive section hybrid-
ized with the labeled sense probe.
Few dispersed grains can be detected.
L: acinar lumen. Exposure, 14 days,
X700.

Discussion

The present results indicate that several enzymes in-
volved in the biosynthesis and inactivation of hor-
monal steroids can be localized in the mouse prostate
by ISH. All the enzymes that we have been able to de-
tect were expressed in epithelial cells. Several enzymes
were also found to be expressed in both epithelial and
stromal cells. In mouse prostatic acini, the majority of
epithelial cells are luminal cells and very few basal

cells are observed. In fact, the ratio of luminal to basal
cells is ~10:1 (EI-Alfy et al. 2000). Although it was
not possible to clearly identify basal cells in frozen sec-
tions, it can be assumed that most of the specific label-
ing detected by ISH over acini originates from the lu-
minal cells. In human prostate acini, the basal cells are
abundant and form a continuous layer resting on the
basement membrane; the ratio of luminal to basal cells
is 1:1 (El-Alfy et al. 2000). Human basal cells have
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been shown to express steroidogenic enzymes involved
in the conversion of DHEA to DHT, namely 38-HSD
type 1, 17B-HSD type 5, and Sa-reductase type 2
(Eicheler et al. 1994; Pelletier et al. 1998; El-Alfy et al.
1999; Pelletier and El-Alfy 2000). It is noteworthy
that none of the steroidogenic enzymes involved in
the conversion of DHEA to testosterone that are ex-
pressed in the human prostate basal cells could be de-
tected by ISH in the mouse prostate. This might be re-
lated to the absence of DHEA secretion by the adrenal
cortex in rodents (Miller 1988). On the other hand,
the presence of Sa-reductase type 2 mRNA in the
mouse prostate indicates that there is a local conver-
sion of the weak androgen testosterone into the most
potent natural androgen, DHT.

One cannot conclude, however, that when a hy-
bridization signal cannot be detected in the mouse
prostatic tissue, the enzyme mRNA is not expressed.
The results obtained by quantitative RT-PCR indicate
that with a few exceptions, there is a good correlation
between the number of mRNA copies/pg total RNA
and the detection of ISH signal, which was absent
when the number of copies was below 2000. Each
probe that provided negative results in the mouse pro-
static tissue was shown to give positive results in at
least one other tissue, indicating the effectiveness of
each probe in detecting specific mRNAs under our ex-
perimental conditions. Altogether, the present results
indicate that the failure to obtain an ISH signal for
some enzymes is likely due to low levels of expression
of those enzyme mRNA:s.

With the approach involving the use of frozen sec-
tions, we could not localize any enzyme in the walls
of blood vessels. In previous studies performed in the
paraffin-embedded human prostate, we could detect
immunoreactive 17B-HSD type 5 in endothelial cells
of capillaries, veins, and arteries (EI-Alfy et al. 1999).
Other studies involving the use of specific antibodies
raised against mouse steroidogenic enzymes for immu-
nocytochemical localization should provide additional
information on the cell types expressing those en-
zymes in the mouse prostate.

From the present results, it clearly appears that the
enzymes involved in the biosynthesis (173-HSD types
1, 3, and 7; Sa-reductase type 2; and 11B-HSD type
1), as well as the inactivation (17B-HSD types 2, 4, 8,
9, 10, and 11; 7a-hydroxylase; estrogen sulfotrans-
ferase type 1; 11B-HSD type 2; and UGT1A6), of hor-
monal steroids are all expressed by the epithelial cells,
and several of them are also detected in stromal cells.
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