
The androgen receptor (AR) is a member of the nuclear re-
ceptor (NR) superfamily of ligand-dependent transactivation
factors. Androgens such as testosterone and 5-a-dihydro-
testosterone (DHT) act as agonists of AR. AR mediates vari-
ous biological effects such as the development of male
reproductive tissues, sexual development, and spermatogene-
sis.1—4) Since androgen declining with age contributes to 
age-related bone and muscle loss and increase in fat mass,5)

the anabolic effect of androgen is attractive for the mainte-
nance of health. Furthermore, it is known that AR is involved
in androgen-dependent prostate cancer growth. Thus, antago-
nists of AR (flutamide, bicalutamide, and nilutamide) are
used in anti-androgen therapy for prostate cancer.6,7)

AR is structurally characterized by an amino-terminal
trans-activation domain [NTD/activation function 1 (AF1)], a
DNA binding domain (DBD), and a ligand binding domain
(LBD) including a carboxy-terminal transactivation domain
[activation function 2 (AF2)].8,9) AR mediates the expression
of androgen-regulated genes, as represented by prostate spe-
cific antigen (PSA)10—12) and FK506-binding protein 51
(FKBP51).13—15) In the absence of a ligand, AR is localized
in the cytoplasm, where it forms complexes with chaperones.
Upon ligand binding, AR translocates into the nucleus. Fol-
lowing nuclear translocation, AR binds to androgen respon-
sive elements (ARE) in the promoter regions of its target
genes as a homodimer. Generally, the transcriptional activity

of nuclear receptors is modulated by their interaction with
cofactors such as coactivators and corepressors.16—19) The
type of ligand that binds to the receptor determines which
type of cofactor is chosen. In the case of agonists, AR inter-
acts with coactivators dominantly over corepressors, and vice
versa in the case of antagonists.

Unlike other nuclear receptors, AR AF2 demonstrates
weak transcriptional activity. However, ligand-dependent 
interaction between NTD and LBD/AF2 (which is termed as
the N/C interaction) endows AR with synergistic transactiva-
tion potential.20—23) Thus, the N/C interaction is important
for the ligand-dependent transactivation potential of AR.

Synthetic AR ligands are useful for treatment of prostate
cancer and age-related diseases such as osteopenia and 
sarcopenia. Previously, we prepared novel synthetic ster-
oids.24) In our preliminary screening for novel AR ligands, 
a steroid compound, (17a ,20E)-17,20-[(1-methoxyethylidene)
bis(oxy)]-3-oxo-19-norpregna-4,20-diene-21-carboxylic acid
methyl ester (YK11), behaved apparently as a partial agonist
of AR in an ARE-luciferase reporter assay (unpublished
data). We were interested in this partial agonistic nature of
YK11. In this report, we will show that YK11 blocks the
N/C-interaction required for the full-agonistic function of
wild-type AR, inducing selective AR-target genes owing to
the constitutive transactivation potential of AF-1 subdomain
in endogenous AR-expressing MDA-MB 453 cells.

MATERIALS AND METHODS

Chemicals The compounds tested in our preliminary
screening for novel AR ligands were prepared by previously
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A novel steroid compound, (17aa ,20E)-17,20-[(1-methoxyethylidene)bis(oxy)]-3-oxo-19-norpregna-4,20-diene-
21-carboxylic acid methyl ester (YK11), was found to be a partial agonist of the androgen receptor (AR) in an
androgen responsive element (ARE)-luciferase reporter assay. YK11 accelerates nuclear translocation of AR.
Furthermore, YK11 does not induce amino/carboxyl-terminal (N/C) interaction and prevents 5-aa-dihydrotestos-
terone (DHT)-mediated N/C interaction. Thus, YK11 activates AR without causing N/C interaction, which may
in turn be responsible for the partially agonistic nature of YK11 observed in the ARE-luciferase reporter system.
YK11 acts as a gene-selective agonist of AR in MDA-MB 453 cells. The effect of YK11 on gene expression relative
to that of androgen agonist varies depending on the gene context. YK11 activated the reporter gene by inducing
the translocation of the AR into the nuclear compartment, where its amino-terminal domain (NTD) functions as
a constitutive activator of AR target genes. Our results suggest that YK11 might act as selective androgen recep-
tor modulator (SARM).
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reported methods starting from ethisterone, mestranol, and
ethinylestradiol.24) Among them, (17a ,20E)-17,20-[(1-
methoxyethylidene)bis(oxy)]-3-oxo-19-norpregna-4,20-
diene-21-carboxylic acid methylester (YK11) was prepared
as follows: A 100 ml two-necked round-bottomed flask, con-
taining a magnetic stirring bar, (CH3CN)2PdCl2 (6.5 mg,
0.025 mmol), p-benzoquinone (108.1 mg, 1.0 mmol) and
MeOH (7 ml) was fitted with a rubber septum and three-way
stopcock connected to a balloon filled with carbon monox-
ide. The apparatus was purged with carbon monoxide by
pumping-filling via the three-way stopcock. A solution of the
substrate 1 (170.3 mg, 0.5 mmol) in MeOH (35 ml) was
added dropwisely to the stirred mixture via a syringe at 0 °C.
After being stirred for 70 h at 0 °C, the mixture was diluted
with CH2Cl2 (70 ml), washed with 5% aq NaOH (50 ml), and
dried over MgSO4. The solution was concentrated under re-
duced pressure. The crude product was purified by column
chromatography on silica-gel. The fraction eluted with
hexane/ethyl acetate (15/1) afforded YK11 (93 mg, 43%) as
an inseparable mixture of diastereomers (ratio�5 : 1).

Colorless needles. mp 70 °C (MeOH); 1H-NMR (CDCl3)
(major diastereomer) d : 0.74—1.12 (2H, m), 1.00 (3H, s),
1.23—1.76 (9H, m), 1.67 (3H, s), 1.83—1.98 (3H, m),
2.04—2.31 (5H, m), 2.85—2.93 (1H, m), 3.20 (3H, s), 3.64
(3H, s), 5.62 (1H, s), 5.83 (1H, s); (minor diastereomer) d
0.97, 1.59, 3.38, 3.63 (s each, Me), 5.52, 5.83 (s each, C�
CH); 13C-NMR (CDCl3) (major diastereomer) d : 14.8, 24.3,
24.6, 26.2, 26.6, 31.0, 32.1, 33.5, 35.5, 36.5, 40.8, 42.5, 48.8,
48.9, 49.8, 50.0, 51.3, 93.5, 98.1, 120.9, 124.7, 166.4, 166.5,
169.9, 199.8; high resolution-mass spectra-electron ioniza-
tion (HR-MS-EI) m/z: [M�] Calcd for C25H34O6 430.2355;
Found 430.2344. Its chemical structure is shown in Fig. 1.

DHT, Bicalutamide (Bic.) and hydroxyflutamide (HF)
were obtained from WAKO Pure Chemical (Japan), LKT lab-
oratories (U.S.A.) and Toronto Research Chemicals Inc.
(Canada), respectively.

Plasmid Construction The gene coding for the full-
length human AR was amplified and inserted into the
pcDNA5/TO vector (Invitrogen). The expression vectors for
the deletion mutants, NTD (2—550 a.a.), NTD-DBD (2—
650 a.a.), DBD-LBD (534—919 a.a.), and LBD (652—919
a.a.), were constructed by amplifying individual sequences
according to standard polymerase chain reaction (PCR)
methods, and the resulting fragments were cloned, in frame,
into a N-terminal HA-tag inserted pcDNA5/TO vector at ap-
propriate restriction sites. To construct the expression vectors
for the chimeric proteins VP16-AR NTD and GAL4-AR
LBD, the VP16 and GAL4 coding sequences were subcloned
into the N-terminal regions of the pcDNA5/TO-NTD and 
-LBD vector, respectively.

The ARE-driven luciferase reporter plasmid (pARE-Luc.)
was constructed by inserting three tandem repeats of the
ARE from the PSA promoter, CAGGGATCAGGGAGTCT-
CAC, into the pGL4.24 vector (Promega, U.S.A.).

Cell Culture Cells of the human embryonic kidney cell
line HEK293 (abbreviated as 293 below) and human breast
cancer cell line MDA-MB 453 (expressing wild-type AR)
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, WAKO) containing 10% fetal bovine serum (FBS)
and penicillin–streptomycin in a humidified atmosphere con-
taining 5% CO2 at 37 °C. The 293 cells were transfected with

pcDNA5/TO-AR using the GeneJuice transfection reagent
(Novagen, U.S.A.). On the following day, the medium was
replaced with fresh medium containing hygromycin (100 mg/
ml). After 2 weeks, single colonies were collected and sub-
cultured. The AR stably expressing 293 cells were named
293AR cells.

Luciferase Reporter Analysis The cells were seeded in
48-well plates and transfected with appropriate expression
plasmids, the ARE-luciferase reporter plasmid, and a Renilla
pGL4.74 [hRluc/TK] (Promega) as an internal standard by
the reverse-transfection method using the Gene juice trans-
fection reagent (Novagen). After overnight incubation in
phenol red-free DMEM containing 5% charcoal-stripped
FBS (csFBS, GIBCO, U.S.A.), the cells were treated with
one of the AR ligands for 24 h before luciferase activity was
measured using the Dual-Luciferase Reporter Assay System
(Promega) and a Turner Designs Luminometer (Model TD-
20/20, Promega).

Mammalian Two-Hybrid Assays Cells were seeded in
48-well plates and transfected with expression plasmids 
encoding the GAL4 and VP16 fusion proteins, the pG5-Luc
reporter plasmid (Promega), and pGL4.74 by the reverse-
transfection method using the GeneJuice transfection
reagent. After overnight incubation in phenol red-free
DMEM containing 5% csFBS, the cells were treated with
one of the AR ligands for 24 h. Luciferase activity was meas-
ured as described above.

Fluorescence Visualization by Confocal Laser Scanning
Microscopy Transfection of 293 cells was performed on 4-
well Lab-Tek chambered coverglasses (Nunc) using Gene
juice transfection reagent and 500 ng of Yellow fluorescent
protein (YFP)-tagged AR. After an overnight incubation,
cells were treated with DHT or YK11 for 6 h. The localiza-
tion of fluorescence protein-tagged proteins was observed
using a Zeiss LSM 510 (Carl Zeiss, Germany) confocal laser
scanning microscope.

Real Time Reverse Transcription (RT)-PCR The cells
were seeded in 6-well plates in phenol red-free DMEM con-
taining 5% csFBS. The next day, the cells were treated with
DHT and YK11 for 24 h. Total RNA was isolated using the
TaKaRa RNAiso Reagent (Takara, Japan) and then digested
with DNase I (Takara), and cDNA was synthesized with the
Rever Tra Ace qPCR RT Kit (Toyobo, Japan). Real-time
PCR was performed with SYBR Green Real-time PCR 
Master Mix-Plus (Toyobo). The oligonucleotide sequences of
the primers used for PCR were as follows: forward: 5�-TCC-
CTCGAATGCAACTCTCT-3�, reverse: 5�-GCCACATCTC-
TGCAGTCAAA-3� (FKBP51); forward: 5�-TCCTCCTGAG-
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Fig. 1. Chemical Structure of (17a ,20E)-17,20-[(1-Methoxyethylidene)
bis(oxy)]-3-oxo-19-norpregna-4,20-diene-21-carboxylic Acid Methyl Ester
(YK11)



CGCAAGTACTC-3�, reverse: 5�-CTGCTTGCTGATCCAC-
ATCTG-3� (b-actin); forward: 5�-TCAACAATCTTGAAA-
GGGTGG-3�, reverse: 5�-CATCCTAGGCTCTTTTCCCC-3�
(SARG); forward: 5�-GGCCACACTCACACTCCC-3�, re-
verse: 5�-ATCCTTATCACCCCTCCCC-3� (FGF18); for-
ward: 5�-AGAGACACTTGGGATTTAG-3�, reverse: 5�-GAG-
TCTCATGCAAGACTT-3� (HSD11B2).

Western Blot Analysis Total protein was extracted with
sodium dodecyl sulfate (SDS) sample buffer supplemented
with protease inhibitor cocktail and the protein concentration
was measured with the 2-D Quant kit (GE Healthcare, En-
gland). The protein samples were separated by SDS-polyac-
rylamide gel electrophoresis (PAGE). Western blotting was
performed with rabbit anti-AR antibody (1 : 200 dilution;
Santa Cruz Biotechnology, U.S.A.) as a primary antibody
and horseradish peroxidase-conjugated anti-rabbit immuno-
globulin G (IgG) (1 : 2000 dilution; Cell Signaling, U.S.A.)
as a secondary antibody. Protein bands were visualized using
the Immobilon Western Detection Reagent (Millipore, U.S.A.).

RESULTS

YK11 Behaves as a Partial Agonist of AR To investi-
gate the effect of YK11 on the transcriptional activity of AR,
we established a stably AR-overexpressing HEK293 cell line,
named 293AR. The expression of AR protein was observed
in the 293AR cells, but not in the parental 293 cells (Fig.
2A). Using the 293AR cell line, DHT and YK11 were exam-
ined for their ability to activate the transcription of the ARE-
luciferase reporter gene (Figs. 2B, C, respectively). Both
DHT and YK11 elicited ARE-luciferase reporter activity in
the sub-micromolar range. However, the maximal activity
achieved by YK11 was only 10—20% of that induced by
DHT. Next, the effect of YK11 on this reporter activity was
examined in the presence of DHT. YK11 repressed 0.1 mM

DHT-induced reporter activity at 5 and 10 mM (Fig. 2D). This
result suggests that YK11 also acts an AR antagonist since
DHT-dependent activity was inhibited by YK11. Taken 
together, these results suggest that YK11 might be a partial
agonistic of AR.

YK11 Shows Induction of Selectively AR-Target Gene
Expression Next, we examined the effect of YK11 on the
expression of AR-target genes in 293AR cells. The 293AR
cells were treated with 0.1 mM DHT or 0.1 to 10 mM YK11
for 24 h. The FKBP51 mRNA expression measured by real-
time RT-PCR was enhanced approximately 7-fold in all cases
(Fig. 3A). Interestingly, FKBP51 mRNA expression was 
induced by 0.1 to 10 mM YK11 to the same level as that 
induced by 0.1 mM DHT. In contrast, the induction of
FKBP51 mRNA by YK11 was not observed in parental
HEK293 cells (data not shown). Next, we examined the ef-
fect of YK11 in various AR-target genes on the endogenous
AR-expressing MDA-MB 453 cells. The FKBP51 and
FGF18 mRNA were induced by YK11 to the same level as
DHT (Figs. 3B-a, b). On the other hand, the specifically 
androgen-regulated gene (SARG) mRNA was only induced
by DHT (Fig. 3B-c). The induction of HSD11B2 mRNA by
YK11 was weaker than that by DHT (Fig. 3B-d). Addition-
ally, induction of FKBP51 mRNA by YK11 was inhibited by
specific AR antagonist bicalutamide (BIC) (Fig. 3C). These
results suggest that the effect of YK11 on gene expression

relative to that of androgen agonist varies depending on the
gene context.

YK11 Accelerates AR Nuclear Translocation AR is
localized in the cytoplasmic compartment in the absence of
ligands. Nuclear translocation is the first step of ligand-
dependent activation of AR. Therefore, we assessed the 
effect of YK11 on the nuclear translocation of AR. The 293
cells were transfected with YFP-fused AR (YFP-AR) 
expressing plasmid (Fig. 4). YFP-AR was localized in the
cytoplasm in the absence of ligand. In the presence of DHT
and YK11, YFP-AR was accumulated in the nucleus. This
result shows that YK11 accelerates nuclear translocation of
AR.

YK11 Prevents the N/C Interaction of AR Unlike
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Fig. 2. Effect of YK11 on ARE-Luciferase Reporter Activity in 293AR
Cells

(A) Parental and stably AR-expressing 293 cells (293 and 293AR, respectively) were
cultured for 24 h in the absence or presence of 0.1 mM DHT and harvested in SDS sam-
ple buffer. Ten micrograms of cell lysate were resolved by SDS-PAGE, and AR proteins
were detected by Western blot analysis using anti-AR antibody. (B—D) The 293AR
cells transfected with the ARE-luciferase reporter and pGL4.74 plasmids were incu-
bated in the presence of DHT or YK11 alone (B and C, respectively), or YK11 or HF in
combination with 0.1 mM DHT (D) for 24 h. Luciferase activity was measured using the
Dual-Luciferase Reporter Assay System. The results are shown as the mean�S.D.
(n�3).



other NRs, AR is maximally active when a ligand promotes
interaction between its amino- and carboxy-terminal domains
(N/C interaction). We tested the effect of YK11 on this N/C
interaction in a mammalian two-hybrid assay. The constructs
used in this assay are schematically illustrated in Fig. 5A. Si-
multaneous expression of the fusion proteins GAL4-AR
LBD and VP16-AR NTD only afforded a strong transactiva-
tion of the GAL4-reporter gene in the presence of DHT (Fig.
5B). In contrast, neither YK11 nor HF supported the transac-
tivation of the reporter gene. In addition, both YK11 and HF
inhibited DHT-dependent transactivation of the reporter
gene. These results suggest that YK11 prevents DHT-induced
N/C interaction between the LBD/AF-2 and NTD of AR as
well as the antagonist HF. Thus, YK11 activates AR without
causing N/C interaction, which may in turn be responsible
for the partially agonistic nature of YK11 observed in the
ARE-luciferase reporter system.

AR has two transactivation domains, NTD/AF-1 and
LBD/AF-2. In the presence of YK11, they might work inde-
pendently due to the lack of N/C interaction. To clarify
which domain(s) are involved in YK11-induced AR activa-
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Fig. 3. Effect of YK11 on AR Target Gene mRNA Expression

(A) 293AR cells were treated with 0.1 mM DHT or 0.1, 1, or 10 mM YK11 for 24 h. (B, C) MDA-MB 453 cells were treated with 0.1 mM DHT, or 0.5 mM YK11 with or without
10 mM bicalutamide (BIC) for 24 h. Total RNA was extracted, and the expression of AR target gene mRNA was measured by real-time RT-PCR. The results were normalized
against those of b-actin. The results are expressed as the mean�S.D. (n�3).

Fig. 4. Nuclear Accumulation of AR Induced by YK11

293 cells were transfected with YFP-fused AR. Twenty-four hours after transfection,
cells were treated with 0.1 mM each of DHT or YK11 for 6 h. Cells were observed with
a confocal laser scanning microscope. Fluorescence, differential interference-contrast
micrographs and their merged images were indicated. Bar: 10 mm.



tion, we investigated individually the effects of YK11 on the
transactivation potentials of NTD/AF-1 and LBD/AF-2. We
constructed expression plasmids coding for two DBD-con-
taining AR mutants truncated from both ends, NTD-DBD
and DBD-LBD, as schematically shown in Fig. 5A. The 293
cells were transfected with the expression plasmid for the full
length AR, NTD-DBD, or DBD-LBD, in combination with
the ARE-luciferase reporter plasmid (Fig. 5C). Ligand-
induced transactivation of the reporter gene was only 
observed in the presence of full length AR, although the 
degree of amplification was much higher for DHT than
YK11.

DISCUSSION

In this study, we demonstrated that a novel synthetic
steroid compound, YK11, is a partial agonist of AR using an
ARE-luciferase reporter assay.

AR translocates into the nucleus and binds to the ARE in
the promoter region of the target gene in the presence of

YK11 as well as DHT. Although DHT induced the N/C inter-
action between the AF2 domain in the LBD and the FxxLF
motif in the NTD, Previously, Li et al. reported that the N/C
interaction of AR is important for the expression of certain
endogenous target genes.21) In fact, it was demonstrated that
agonist-induced transactivation of the PSA requires N/C 
interaction in mammalian cells.25) As shown in Fig. 5C, the
ligand-dependent activation of AF-2 was not observed in the
presence of either DHT or YK11 in the ARE-luciferase 
reporter assay when DBD-LBD was expressed. However,
DHT transactivated the reporter gene when DBD-LBD was
expressed simultaneously with NTD, proving the existence of
ligand-dependent N/C interaction (data not shown). In con-
trast, the N/C interaction was not observed in the presence of
YK11. Furtheremore, YK11 prevented the DHT-induced N/C
interaction (Fig. 5B). However, YK11 activates AR target
genes such as FKBP51 (Fig. 3). As shown in Fig. 5C, the
NTD (AF-1) of AR has constitutive transactivation potential
(Fig. 5C, NTD-DBD). Since AR translocates into nuclear
compartment and binds to ARE in the presence of YK11, we
speculate that NTD (AF-1) might be responsible for the
YK11-medited transactivation of AR target genes in a gene
selective fashion. It has already been reported that the non-
steroidal antiandrogen hydroxyflutamide (HF) acts as an AF-
1 agonist under high AR expression. In 293AR cells, how-
ever, only weak induction of ARE-luciferase reporter activity
was observed in the presence of up to 10 mM of HF. In con-
trast, YK11 activated ARE-luciferase reporter activity in the
sub-micromolar range. In this context, partial agonists can be
distinguished from antagonists, as they do not affect the 
native transactivation potential of NTD, particularly that of
AF-1, although both block the N/C interaction.

In the case of the estrogen receptor (ER), the antiestrogen
tamoxifen, which is known as a selective-estrogen receptor
modulator (SERM), acts as an agonist in selected tissues
such as bone.26,27) SERM inhibit ER-dependent transactiva-
tion of target genes by blocking AF-2, but not AF-1 activity.
As ER AF-1 functions tissue-dependently, the partial agonist
activity of SERM is observed in a tissue-specific manner.28)

Likewise, selective androgen receptor modulator (SARM)
are a class of drugs that produce tissue-specific anabolic 
effects in some tissues such as muscle and bone, without
stimulating androgen receptors in other tissues such as the
prostate gland, thus they do not produce side effects such as
benign prostatic hypertrophy, which can occur following
treatment with nonselective androgens such as testosterone
or anabolic steroids. Thus, there has been intense interest in
the discovery of SARM, and several AR ligands with
SARM-like properties have been reported.29—32)

YK11 acts as a gene-selective agonist of AR in MDA-MB
453 cells. This type of selective gene induction by AR has
been observed when AR is liganded with selective AR mod-
ulators (SARMs),31) a class of drugs that produce cell-spe-
cific anabolic effects in tissues such as bone and muscle
without causing androgenic effects in other tissues such as
those of reproduction. It was recently reported that partial 
agonism during transactivation and a greatly reduced ability
to induce N/C interaction are the hallmarks of SARM.32) In
contrast, compounds that induce the N/C interaction are fully
physiologically active in both musculoskeletal and reproduc-
tive organs. Thus, YK11 might be novel SARM. Therefore,
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Fig. 5. Effect of YK11 on the N/C Interaction of AR

(A) Schematic illustration of AR deletion and chimeric mutants. (B) 293 cells were
transfected with the expression vectors for GAL4-LBD and VP16-NTD in combination
with the pG5-Luc and pGL4.74 reporter plasmids. The cells were incubated with
0.1 mM DHT or 10 mM YK11 for 24 h, and luciferase activity was measured using the
Dual-Luciferase Reporter Assay System. The results are expressed as the mean�S.D.
(n�4). (C) 293 cells were transfected with individual expression vectors for AR, NTD-
DBD, and DBD-LBD in the presence of the pARE-Luc and pGL4.74 reporter plasmids.
The cells were incubated with 0.1 mM DHT or 10 mM YK11 for 24 h, and luciferase ac-
tivity was measured using the Dual-Luciferase Reporter Assay System. The results are
expressed as the mean�S.D. (n�4).



YK11 maybe a useful compound for the treatment of age-
related diseases such as osteopenia and sarcopenia. Further
investigation is required to clarify this possibility of YK11.
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