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Abstract

Specific inhibition of type 1 B-HSD is of particular interest since it will allow us to control the formation of androgens and estrogens in
peripheral target tissues without affecting type®I3SD, which is responsible for the biosynthesis of glucocorticoids and mineralocorticoids
in the adrenals. The high homology between types 1 an@-RISD is a major difficulty in the development of specific inhibitors through
classical chemical synthesis. In this report, we describe the use of small interference RNA (siRNA) to specifically inhibit human type 1
3B-HSD. We have constructed three DNA vector-based RNAI vectors that allow us to produce three RNA duplexes of 21 nucleotides targeting
three different coding regions of human type A-3SD mRNA. The resulting constructs were co-transfected into HEK-293 cells with a
vector expressing type IB3HSD. The results indicate that while the two duplexes that target sequences ine¢lgeos do not have a strong
inhibitory effect, the duplex that targets therdgion efficiently inhibits 8-HSD activity. Up to 98% inhibition has been observed. To our
knowledge, this is the first report showing successful inhibition of steroidogenic enzymes using siRNA technology.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction encodes an enzyme differing from type 1 in 12 amino acids
and expressed predominantly in the gonads and adrijals
The enzyme 3 beta-hydroxysteroid dehydrogenase/delta RNA interference (RNAI) represents a new technology
5-delta 4 isomerase [BHSD) which catalyzes the that brings the possibility of specific gene silencing through
transformation of pregnenolone into progesteronex-17 mRNA degradation. RNAI is a highly conserved gene silenc-
hydroxypregnenolone into  &#hydroxyprogesterone, ing mechanism that uses double-stranded RNA (dsRNA) as
5-androstene B173 diol into testosterone and dehy- a signal to trigger the degradation of homologous mRNA.
drodepiandrosterone (DHEA) to 4-androstenedi¢tieis The mediators of sequence-specific mMRNA degradation are
a crucial enzyme responsible for the formation of all active 21- to 23-nucleotide small interfering RNAs (SiRNAS).
steroid hormones, namely glucocorticoid, mineralocorticoid, These siRNA duplexes are generated by ribonuclease Il
progesterone, androgens and estrogghsin humans, two cleavage either from longer dsRNAs or from a RNA hairpin
types of B-HSD were isolated2,3]. They share very high  resulting from DNA vector transcription. Therefore, SIRNA
homology (93.4% amino acids identity) and are expressed chemically synthesized duplexes can be introduced directly
in a tissue-specific mann¢4]. Type 1 is expressed in the totrigger specific gene silencing in mammalian cells. In cells,
placenta, skin and mammary gland whereas the type 2 genesiRNA are unwound by a helicase activity associated with a
multiprotein complex known as the RNA-induced silencing
complex or RISC. The strand that is complementary to the
* poster presentation at the 16th International Symposium of the Journal of targeted mRNA is then used as primer by an RNA-dependent
S_teroid B_iochemistry and Mole_cular I:”ziology, “Recent Advan_ces in Steroid  RNA polymerase (RARP) to convert the cognate mRNA into
ZB(I)CE)(j';emIStI’y and Molecular Biology” (Seefeld, Tyrol, Austria, 5-8 June dsRNA itself. This dsRNA form of mRNA then becomes a
* Corresponding author. Tel.: +1 418 654 2206; fax: +1 418 654 2741, Substrate for Dicer cleavage activity, which leads to the de-
E-mail addressVan.luu-the@crchul.ulaval.ca (V. Luu-The). struction of the mRNAB6].
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Although many chemical inhibitors of@8HSD activity were pooled and evaporated to dryness. The steroids were
have been describg@d-11], specific inhibition of type 13- then solubilized in 10Q.1 dichloromethane, and separated on
HSD could not yet be found because of the high homology thinlayer chromatography (TLC) Silica gel 60 plates (Merck,
between B-HSD types 1 and 2. In this report, we describe Darmstad, Germany) using the toluene—acetone (4:1) solvent
the use of DNA vector-based RNAi approach, which has the system. Substrates and metabolites were revealed and quan-
potential to specifically destroy high-homology mRNAs to tified by a Phospholmager Storm 860 system and identified
inhibit type 1 3-HSD. by comparison with reference steroids.

5 Materials and methods 2.4. RNA extraction and RT-PCR

Total RNA was extracted from & 106 cells using Tri-
reagent, a mixture of phenol and guanidine thiocyanate in
a monophasic solution (Molecular Research Center Inc.)
according to the manufacturer’s protocol. Genomic DNA
contamination was removed by total RNA extraction us-
ing phenol:chloroform:lIAA, 25:24:1, pH 6.6 (Ambion) and
purified using RNeasy MinEluate Cleanup (Qiagen). Five
micrograms of total RNA was converted to cDNA by incu-
da bation at 42 C for 2 h with 200 U SuperScript Il reverse tran-
scriptase (Invitrogen) using oligo-d(T)24 as primer in a reac-
tion buffer containing 50 mM Tris—HCI pH 8.3, 75 mM KClI,
3mM MgClI2, 10mM DTT and 0.5 mM dNTPs. cDNA was
purified with QIAquick PCR purification Kit (Qiagen). Quan-
tification of MRNA levels was performed using a quantitative
RT-PCR. The LightCycler Realtime PCR apparatus as well

site of pRNA-H1.1/Hygro vector (GenScript) to gen- Sssfage;;[ﬁ Wgretfsr?mtgaf;\mhin-lt_a g?{%h: Inc. ('\ll(l.JttleRy’ '\rl]‘]’
erate three plasmids (pRNA-H1.1/Hygr@t3SD1.1, ) and the FastStar aster green kit (Roche

PRNA-H1.1/Hygro-BHSD1.2 and PpRNA-HL.1/Hygro- ?;lagn‘)sﬁ?s) were “Sfed e de?'c”?hed by thet r?a%“gli““rer'
3BHSD1.3) under control of the H1 promoté&scherichia € reaction was pertormed using the amount of ¢ cor-

coli XL1-Blues competent cells (Stratagene) were trans- responding to_z&)g of initial total R.NA' The conditions for

formed with the resultants plasmids and these plasmids Was_the PCR reactions were denaturatn_)n at@dor15s, anneal-

purified using QUIAGEN Plasmid Maxi Kit. ing at 50—65C for 10 s and elongation at 72 for 15s. The
reaction was then heated for 3 s &2lower than the melting

2 2. Cell culture and transfection temperature of the DNA fragment. Reading of the fluores-

cence signal was taken at the end of the heating to avoid non-

Human embryonic kidney (HEK-293) cells obtained from specific signal. A melting curve was performed to assess non-
ATCC (CRL-1573) were maintained in MEM (Invitrogen specific signal. Annealing temperature was selected based on

Life Technologies Inc.) supplemented with 10% (v/v) FBS coptamination levels and melti_ng curve resullts. Oligoprimer
(Wisent Inc.) at 37C under 95% air:5% C@humidified pairs that. allow the amplification of approxmat.ely 200bp

atmosphere. One day before transfection, cells were platedVere designed with the GeneTools software (Biotools Inc.,
in six-well falcon flasks to 5 10P cells/well. Transfections ~ Edmonton, Alberta, Canada) and their specificity was ver-
of siRNA plasmids were performed using EXGEN 500 (Fer- ified by blasting in the GenBank_ database. To_ avoid errors
mentas Life Sciences) according to the manufacturer’s proto-due 0 RNA and cDNA preparation and handling, we per-
col. Forty-eight hours after transfection, assay of enzymatic formed a first correction with a housekeeping gene, subunit

2.1. Plasmid construction

Three single-stranded DNA 76-mer oligonucleotides
encoding, in order, a 21 nt SiRNA sense, a loop, and a 21 nt
siRNA antisense, were selected according to analysis of the
ORF using GenScript's siRNA design center. The siRNA
target finder software was used to identify unique candidate
siRNA target sequences in the3-HSD type 1 cDNA
sequence and siRNA construct builder software to buil
small hairpin insert from siRNA target for the expression
vector. These oligonucleotides were synthesized by an ABI-
3900 and purified by polyacrylamide gel electrophoresis.
Each oligonucleotide was annealed with corresponding
complementary single-strand DNA oligonucleotides. The
resultant dsDNA was inserted into thBarmHI-Hindlll

activity was performed. O of ATPase (Atp50), at each assay. The resulting values of
MRNA expression levels were converted in copigstotal
2.3. Assay of enzymatic activity RNA. Statistical analyses were performed as indicated using

the JMP statistical software (SAS Institue, Cary, NC, USA).

The enzymatic activity was determined using intact cells
in culture as previously describgl2]. Briefly, 0.1uM of
the [14C]-labeled DHEA (Dupont Inc., Mississauga, Ontario,
Canada) was added to six-well culture plates containing 2ml 3 1. construction of SIRNA expression vectors targeting
of culture medium per well. At the same time, we added type 1 $-HSD
Epostane (1uM) in one well containing steroid as control
for inhibitory effect. After 2 h of incubation, steroids were Because siRNA target sequences do not give rise to
extracted twice with 1 ml ethyl-ether. The organic phases equally potent inhibitory effects due to secondary structure

3. Results
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BamH I Hind 11T
-SiRNA 38 HSDL.I GGATCCCGTTCTAAACTCCAGAACAAGACTTGATATCCGGTCTTGTTCTGGAGTTTAGAATTTTTTCCAAAAGCTT
| Sense | | Loop | Antisense | Termination Signal
284 304
BamH I Hind TIT
-siRNA 38 HSDI.2 GGATCCCGTAAACTCCAGAACAAGACCAATTGATATCCGTTGGTCTTGTTCTGGAGTTTATTTTTTCCAAAAGCTT
| Sense | | Loop | Antisense | Termination Signal
287 307
. BamH I Hind TIT
*SiRNA3B HSDL3 (A TCCCGCTTTCTGCTAGTATAAACGAGTTGATATCCGCTCGTTTATACTAGCAGAAAGTTTTTTCCAAAAGCTT
| Sense | | Loop | Antisense | Termination Signal
759 779

pRNA-H1.1/Hygro

T7/T3

5.0 kb

Fig. 1. Schematic representation of the structure of pPRNA-H1.1/Hygro vector and sequences offyip8D that will be inserted into the vector. The numbers
indicate the corresponding positions of the selected 21-nucleotide sense fragments in ORF.

and other factors, we constructed three vector-based siRNA,3.3. Inhibitory effect of various siRNA constructs

namely pRNA-H1.1/Hygro8HSD1.1, pRNA-H1.1/Hygro-

3BHSD1.2 and pRNA-H1.1/HygrofHSD1.3 that target To determine the most efficient siRNA sequences, the
different coding region of human type B3SD. Fig. 1 three constructs described were co-transfected witlm@.5
shows the three sequences that are selected using a prograwf pCMV-3BHSD1 vector as described above. As illustrated
available from GenScriptwww.GenScript.com The se- in Fig. 3, pRNA-H1.1/Hygro-8HSD1.1 shows the most
quences were synthesized and inserted in pRNA-H1.1/Hygropotent inhibitory effect of B-HSD activity while pRNA-

vector that is under the control of H1 promoter. H1.1/Hygro-BHSD1.2 and pRNA-H1.1/Hygro8HSD1.3
o o ] exerted much weaker inhibitory effects. The results also
3.2. Inhibition of -HSD activity by siRNA suggest that the inhibitory effect of pRNA-H1.1/Hygro-

To assess the effectiveness of siRNA to inhilgti3SD 3pHSD1.1is highly specific.

activity, we co-transfected into HEK-293 cells a vector that

expresses type 1B3HSD (pCMV-33-HSD1) along with 3.4, Effect of various siRNA constructs gs-BISD
pRNA-H1.1/Hygro-BHSD1.1 and assessed the ability of mRNA level

the cells in culture to convert!{C]JDHEA into [*C]4-

androstenedione using thin layer chromatography. Cells  To correlate 8-HSD-activity inhibition with a diminu-
without transfection with pRNA-H1.1/HygrogHSD1.1  tjon of 33-HSD mRNA level, we measured enzyme mRNA
were used as control of the activity and epostane, a well- evels by quantitative real-time PCR (RT-PCR). This
known inhibitor of 3-HSD [13] was used as control forin-  method allows for the monitoring of the efficiency of the
hibitory effect. As illustrated irFig. 2 pRNA-H1.1/Hygro- ~ pCR amplification efficiency by calculating the efficiency
3BHSD1.1 efficiently inhibits B-HSD activity similar to that coefficient of corresponding standard curvesRQPCR
of epostane. analysis was conducted on total RNA extracted from
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Fig. 2. Inhibition of -HSD activity by transfection of pPRNA-H1.1/Hygro-
3BHSD1.1 in HEK-293 cells; 0.juM [*C]DHEA was used to asses$-3
HSD activity by TLC. (A) Substrate and product were quantified by a phos-
phoimager and the results are plotted in graph. (B) The activity of the control
(100%) corresponds to 16 pmol/hfells.

HEK-293 cells co-transfected with pCM\B3HSD1 and
pRNA-H1.1/Hygro-8HSD1.1 or pRNA-H1.1/Hygro-
3BHSD1.2 or pRNA-H1.1/Hygro8HSD1.3. As illustrated

in Fig. 4, Q_RT-PCR analysis results show morg-BISD
MRNA degradation with pRNA-H1.1/Hygrog3SD1.1
compared to pPRNA-H1.1/HygrogHSD1.3. These@-HSD
MRNA levels correlate with the results obtained using thin
layer chromatographyF{g. 3.

3.5. Specificity of siRNA inhibition

To evaluate the specificity of SiRNA inhibition op3HSD
type 1 activity, we co-transfected into HEK-293 cellgd.of
100+
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pRNA-H1.1/Hygro-3BHSD1 concentration (ng)

1000

—4— pRNA-H1.1/Hygro-3BHSD1.1
—&— pRNA-H1.1/Hygro-3gHSD1.3

—&— pRNA-H1.1/Hygro-3pHSD1.2

Fig. 3. Graph showing the inhibitory effect of various siRNA vectors. In-
hibition of 33-hydroxysteroid dehydrogenade3-A4-isomerase activity by
pRNA-H1.1/Hygro-BHSD1.1, pRNA-H1.1/Hygro-8HSD1.2 and pRNA-
H1.1/Hygro-HSD1.3 in HEK-293 cells was assessed using TLC and the
results are plotted in graph as described above.
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(control) 3BHSDI.1 3BHSD1.3

pRNA-H1.1/Hygro vector (1000 ng)

3p-hydroxysteroid dehydrogenase/A5-A4-
isomerase type 1 mRNA /g total RNA

Fig. 4. Graph showing the effects of various siRNA vectors @ 3
hydroxysteroid dehydrogenagel-A*-isomerase type 1 mRNA level. The
reduction of B-hydroxysteroid dehydrogenaae-A*-isomerase type 1
mRNA level by pRNA-H1.1/Hygro-BHSD1.1 and pRNA-H1.1/Hygro-
3BHSD1.3in HEK-293 cells was assessed using quantitative real-time PCR
(RT-PCR) and the results are plotted in graph as described above.
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O 3B-hydroxysteroid dehydrogenase / A5-A4-isomerase type 1
m 3p-hydroxysteroid dehydrogenase / A5-Ad-isomerase type 2

Fig. 5. Graph showing the specific inhibitory effect of siRNA vectors.
Inhibition of 33-hydroxysteroid dehydrogenagel-A*-isomerase type 1
and type 2 activities by pRNA-H1.1/Hygrg38iSD1.1, pRNA-H1.1/Hygro-
3BHSD1.2 and pRNA-H1.1/HygrofHSD1.3 in HEK-293 cells were as-
sessed using TLC and the results are plotted in graph as described above.

a vector that expresses type RB-BISD (pCMV-33-HSD?2)
along with the three constructs described, and assessed
the ability of cultured cells to convert‘fC]DHEA into
[14C]4-androstenedione using thin layer chromatography
as previously described. As illustrated kig. 5 pRNA-
H1.1/Hygro-BHSD1.1, pRNA-H1.1/Hygro8HSD1.2 and
pRNA-H1.1/Hygro-BHSD1.3 have no inhibitory effect on
type 2 P-HSD. These results suggest that the inhibitory
effect of siRNA targeting of different coding regions in
human type 1 B-HSD is specific to B-HSD type 1.

4. Discussion

Using a DNA vector-based siRNA approach, we showed
thattype 1 B-HSD activity could be efficiently inhibited by a
construct that targets the sequence TTCTAAACTCCAGAA-
CAAGAC while two other constructs that target the sequence
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