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Abbreviations
af: anal folds
AATF: Apoptosis-antagonizing transcription factor
AD1: Activation domains 1
AD2: Activation domains 2
AER: Apical ectodermal ridge
AF: Activation function
AR: Androgen receptor
ATF: Activating Transcription Factor
BSA: Bovine serum albumin
DAP kinase: Death Associated Protein Kinase
DAB: Diazoaminobenzene
DBD: DNA-binding domain
DHT: 5α-dihydrotestosterone
Dlk: DAP Like Kinase
Dlk/ZIP kinase: DAP Like Kinase/Zipper Interacting Protein kinase
d.p.c.: days post coitum
E: Embryo
E15: 15 days post coitum Embryo
E16: 16 days post coitum Embryo
E17: 17 days post coitum Embryo
E18: 18 days post coitum Embryo
EGF: Epidermal growth factor
EDTA: Ethylenediamine tetraacetic acid
Fig: Figure
Fgf8: Fibroblast grows factor 8
FOXO: Mammalian forkhead subclass O
GT: Genital tubercle
GRIP1: Glucocorticoid receptor interacting protein 1
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HCl: Hydrogen Chloride
H202: Hydrogen peroxide
HMT: Histone methyltransferase
HRP: Horseradish peroxidase
HDM：Histone demethylase
h: hour
ls: labioscrotal swelling
KCl: Potassium chloride
KGF: Keratinocyte growth factor
KH 2 PO4: Potassium dihydrogen phosphate
IGF-I: Insulin-like growth factor I
IL-6: Interleukin-6
LBD: Ligand-binding domain
mACTN2: alpha actinin 2
MAPK: Mitogen-activated protein kinase
Min: Minute
ml: Mililiter
NaCl: Sodium chloride
NaOH: Sodium hydroxide
Na 2 HPO4:Sodium hydrogen phosphate
NLS: Nuclear localization signal
NR: Nuclear receptor
NR, Nuclear hormone
NTD: NH2-terminal domain
PBS: Phosphate-buffered saline
PFA/PBS: Paraformaldehyde/ Phosphate Buffered Saline
PKA: cAMP-dependent kinase
PKC: Protein kinase C
PTEN: Phosphatase and tensin homolog deleted on chromosome 10
pp: prepuce
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PSA: Prostate-specific antigen
RACK1: Receptor for activated C kinase 1
Ran: Ras related nuclear protein
rpm: Rounds per minute
Sec: Second
Shh: Sonic hedgehog
STATl: Signal transducers and activators of transcription-1
STAT-3: Signal transducer and activator of transcription-3
SRC-1: Steroid receptor coactivator-1
SUMO: Components of the sumoylation pathway
T: Testosterone
TBS: Tris buffered saline
T-TBS: Tween-tris buffered saline
UB: Components of the ubiquitination/proteasome pathway
ugf: urogenital folds
uf: urethral folds
ul: Microliter
UPE: urethral plate epithelium
ZIP kinase: Zipper Interacting Protein kinase
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1. Introduction

1.1 The development of the genital tubercle
The genital tubercle (GT), an anlage of the external genitalia, differentiates into a penis in
males and a clitoris in females. During the mouse embryonic development, the structural
difference between the male and the female genital ridge is first recognized at 12.5 days
post coitum (d.p.c.) (Brennan et al. 1998; Ikeda et al. 1994), substantiating the fact that
fetal development at late gestation is under the influence of steroid hormones. Initially, the
external genitalia of male and female fetuses are identical and consist of the GT, the
urogenital folds defining the urogenital ostium, and the more laterally located genital
swellings. These undifferentiated structures in both male and female embryos constitute
the ambisexual stage of sex differentiation of the external genitalia (days 11–16 of
gestation in mice). In females, the genital swellings remain separate and form the labia
majora. Likewise, the urogenital folds bounding the urogenital ostium remain separate and
form the labia minora, thus defining the vestibule of the vagina. In males, the genital
swellings migrate caudally and fuse in the midline to form the scrotum (Hamilton et al.,
1972). As the GT elongates in males, a groove appears on its ventral aspect called the
urethral groove. The urethral groove is defined laterally by urethral folds that are
continuous with the urogenital folds surrounding the urogenital ostium. Initially, the urethral
groove and folds extend only part of the way along the shaft of the elongating phallus
(Carlson, 1994). Distally, the urethral groove terminates in a solid plate of epithelial cells
(urethral plate) that extends into the glans of penis (Hamilton et al., 1972). The solid
urethral plate canalizes and thus extends the urethral groove distally into the glans. As the
phallus elongates, the urethral folds grow toward each other and fuse in the midline, thus
converting the urethral groove into a tubular penile urethra. This fusion process begins
proximally in the perineal region and extends distally toward the glans penis. Thus, from
proximal to distal, there is the progressive formation of the urethral groove bound by
urethral folds, followed by fusion of the urethral folds in the midline. By this process, the
urethral groove is converted into a tubular penile urethra.
8

Fig.1 The development of the GT as observed by scanning electron microscopy. Ventral
view of the GT at 13.5 d.p.c. (A and B), 14.5 d.p.c. (C and D), and 15.5 d.p.c. (E and F),
and 16.5 d.p.c. (A and B) and frontal view of the GT at 18.5 d.p.c. (C and D) Male and
female GTs were placed on left and right side, respectively. The differentiation of
labioscrotal swelling and elevation of the prepuce up to the tip of the GT dramatically
proceeded after GT outgrowth. White arrow: prepuce; ugf, urogenital folds; uf, urethral
folds; af, anal folds; ls, labioscrotal swelling. Scale bar: E13.5, E14.5, E15.5, E16.5 430um;
E18.5, 600umA (The pictures were reproduced from Suzuki K et al., 2002)
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1.2 Androgens
Androgens are the main male sex steroids, which mediate a wide range of developmental
and physiological responses and are especially important in male sexual differentiation,
pubertal sexual maturation and the sexual differentiation of the brain (Kudwa AE et
al.,2005; Negri-Cesi P et al., 2004), behavioral characteristics (Harding CF et al., 1986), as
well

as

muscle

maintenance

throughout

development,

the

maintenance

of

spermatogenesis, and male gonadotropin regulation (Roy AK et al., 1999; McLachlan RI et
al., 1996; Keller ET et al., 1996). Testosterone, the principal androgen in the male
circulation, is synthesized by the testes. The remaining androgens in the bloodstream are
either produced by the adrenal cortex and can be converted into testosterone in peripheral
tissues or are derived from peripheral conversion from testosterone to dihydrotestosterone
(DHT) (Davison SL et al., 2006; Rainey WE et al., 2002). The enzyme 5α-reductase
converts testosterone to 5α-dihydrotestosterone (DHT) (Russell and Wilson, 1994), thus
generating a more potent androgen. In the developing GT, the 5α-reductase type 2
isozyme is localized to the mesenchyme surrounding the developing urethra, specifically in
the urethral seam, an area of dynamic tissue remodeling (Tian and Russell, 1997; Kim et
al., 2002).

1.3 Androgen receptor:
The effects of androgens are mediated through the androgen receptor (AR), a 110-kDa
ligand-dependant transcription factor that regulates the expression of target genes through
binding to an androgen response element (Chang C et al., 1988) AR is belongs to
members of the nuclear receptor (NR) superfamily (Roy AK et al., 1999; Heinlein CA et al.,
2002; Chang CS et al., 1988). Mutations of the AR that reduce its ability to bind androgens,
or reduce its transcriptional activity after ligand-binding, may result in male infertility or
complete or partial androgen insensitivity (Gottlieb B et al., 2001; Quigley CA et al., 1995;
Tyagi RK et al., 1998). The binding of hydrophobic ligands, such as testosterone (T) and
5α-dihydrotestosterone (DHT), changes the conformation of AR, alters the transcriptional
activity of AR, and it can regulate its final phenotype (Chang C et al., 1995). AR, in
10

common with other members of the nuclear receptor superfamily, can be subdivided into
four functional domains: the NH2-terminal transactivation domain (or A/B domain; NTD),
the DNA-binding domain (DBD), hinge region, and ligand-binding domain (LBD) (Lee DK
and Chang C., 2003). Using deletion and mutational analyses of nuclear receptors in
transfection experiments, two transcriptional activation functions have been identified. The
AR NTD contains the major transactivation function of the AR, termed activation function
(AF) 1. When separated from the LBD, AF-1 gives rise to a constitutively active AR. Two
motifs in the AR NTD, 23-FQNLF-27 and to a lesser extent 433-WHTLF-473, have been
shown to interact with the LBD, resulting in an NH2- COOH terminal intra- and/or
intermolecular AR interaction that has been proposed to be important for the transcriptional
activation of some, but not all, AR target genes (Lavery DN et al., 2006; He B et al., 2002).
It creates a constitutively active receptor (Kumar R et al., 1995; Roy AK et al., 2001). A
ligand-dependent AF-2 function is located in the LBD, and mutation or deletion of the AF-2
domain dramatically reduces transcriptional activation in response to the ligand (He B et al.,
1999; Bevan CL et al., 1999).

Fig.2 Schematic representation of the domain structure of the androgen receptor. The
N-terminal domain (NTD) contains AF1 (activation function 1), the ligand-binding domain
(LBD) contains AF2 (activation function 2). The androgen receptor in this diagram is 919
amino acid residues
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1.4 Androgen insensitivity and androgen receptor coregulators disorder
Defects in the androgen receptor prevent normal development of internal and external
male structures in 46, XY individuals (Brinkmann AO, 2001). Knowledge of androgen
receptor function and structure has facilitated the elucidation of the molecular defects of
the androgen receptor underlying the physical defects. Three different forms of AIS can be
discriminated. Complete AIS (CAIS) is characterized by female external genitalia, a short
vagina, and absence of Wolffian-duct-derived structures, absence of prostate, and
absence of pubic and axillary hair. In partial AIS (PAIS) individuals might have a partial
female phenotype, ambiguous genitalia, or a predominantly male phenotype. In mild AIS
(MAIS) individuals show mild symptoms of undervirilization or infertility. These diseases
are mainly thought as AR mutation disorder. Mutations in AIS affect not only DNA binding
or ligand binding but also protein–protein interactions, including interactions with cofactors
and androgen receptor homodimerization. Moreover in some patients clinically assigned
as PAIS or MAIS no AR mutation could be identified. Adachi M (Adachi M et al., 2000)
propose androgen-insensitivity syndrome as a possible coregulator disease. They describe
a patient in whom the complete androgen-insensitivity syndrome was diagnosed on the
basis of phenotypic and endocrinologic findings but without mutations in the androgen
receptor gene. Detailed studies revealed that transmission of the activate signal from the
AF-1 region of the androgen receptor was disrupted, suggesting that a coactivator
interacting with the AF-1 region of the androgen receptor was lacking in this patient.

1.5 Androgen receptor coregulators:
More than 200 nuclear receptor coregulators have been identified since the isolation of the
first nuclear receptor coactivator, steroid receptor coregulators-1(SRC-1) in 1995 (Onate
SA., 1995). Coregulators are functionally classified as coactivators (e.g. SRC-1, SRC-2,
and SRC-3) or corepressors (e.g. nuclear receptor co-repressor silencing mediator of
retinoic Acid and thyroid hormone receptor) based upon their ability to positively or
negatively regulate steroid hormone receptor (SHR)-mediated transcription (Heinlein C A
et al., 2002). Heemers uses the other way as a classification, rather than classification by
12

their function as a coactivator or a corepressor, it provides a broader picture of the cellular
events that converge on and regulate the transactivation properties of the AR. Most
coregulators can be categorized into sixteen category: (Table 1 in detail) (Heemers and
Donald., 2007). Binding of cognate ligands induces a conformational change in the ligand
binding domain which results in formation of a novel hydrophobic interaction surface
referred to as activation function 2 (AF2). AF2 recruits LXXLL motif-containing p160
coactivator complexes that have histone acetyltransferase activity (Spencer T E et al.,
1997), resulting in modification of local chromatin structure to facilitate transcription
initiation (Chen H et al., 1997). The AR N/C interaction is direct and involves interactions
between FXXLF, FXXFF, FXXMF LXXLL and WXXLF motifs in the NH2-terminal domain
with the AF2 binding surface in the ligand binding domain (He B et al., 1999; He B et al.,
2001).The mechanism of transcriptional regulation by the DNA-bound NRs appears to
involve their ability to recruit a variety of coregulatory proteins, including coactivators and
corepressors (Glass and Rosenfeld., 2000). Generally, coactivators are not DNA-binding
proteins, but rather are recruited to the promoter through protein–protein interaction with
the transcriptional activators. They may be thought of as adaptors or components in a
signaling pathway that transmits transcriptional activation signals from DNA-bound
activator proteins to the chromatin and transcription machinery. Transcriptional
corepressors could involve competition for limiting factors, displacement of positive factors,
or the generation of a chromatin structure that limits promoter accessibility by histone
deacetylation. Therefore a working model of NRs is an initial association with
transcriptional corepressors and subsequent ability to recruit coactivators in response to
ligands and other signals (Feng et al., 1998).
In our project five candidates of AR coregulators and a putative AR coregulator (CapG)
have been found by a yeast two hybrid screen. We constructed cDNA libraries of genital
tubercle tissue from male mouse embryos at precise stages of development. Using a yeast
two hybrid system, we screened five androgen receptors coregulators (RACK1, FOXO1,
PIAS1, AATF/Che-1 and Actinin-2) and the putative androgen receptor coregulator
interacting with the androgen receptors in the presence of dihydrotestosterone and we got
positive results.
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Table 1 Overview of AR coregulators identified to date
Coregulators
1. Components of the chromatin remodeling complex
2. Histone modifiers: acetyltransferases and deactyelases.
3. Histone modifiers: methyltransferases and demethylases.
4. Components of the ubiquitination/proteasome pathway.
5. Components of the sumoylation pathway.
6. Proteins involved in splicing and RNA metabolism.
7. Proteins involved in DNA repair.
8. Chaperones and cochaperones.
9. Cytoskeletal proteins.
10. Proteins involved in endocytosis.
11. Signal integrators and transducers, scaffolds, and adaptors.
12. Cell cycle regulators.
13. Regulators of apoptosis.
14. Viral oncoproteins.
15. Nuclear receptor coregulators.
16 Kinases and phosphatases
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1.5.1 RACK 1
RACK1 (receptor for activated C kinase 1), which was previously reported to interact with
the AR, modulates the tyrosine phosphorylation of AR and its interaction with the Src
tyrosine kinase. It is a 36-kDa cytosolic protein containing seven internal Trp-Asp

40

(WD40) repeats homologous to the G protein β subunit, and the recently described
mitogen-activated protein kinase (MAPK) scaffold MAPK organizer 1. It was initially
identified as an anchoring protein for protein kinase C (PKC); with PKC β II seemingly
being the preferred binding partner (Stebbins EC and Mochly D., 2001). RACK1, was
subsequently shown to interact with a wide range of signaling molecules and thus can
serve as a platform for integrating diverse signaling activities. Some reports showed that
RACKl associates with a large number of signaling proteins, including Src family kinases,
integrin β subunit, PDE4D5, signal

transducers

and

activators

of

transcription

1

(STATl), insulin-like growth factor-I receptor, and others (Chang BY et al., 1998; Chang BY
et al.,

2001; Liliental J et al., 1998; Usacheva A et al., 2001; Yarwood SJ et al., 1999).

RACK1 is ubiquitously expressed in a wide range of tissues, including brain, liver, and
spleen, suggesting that it has an important functional role in many cell types. Interestingly
RACKl has been recently identified as an AR-interacting protein, which facilitates
ligand-independent AR nuclear translocation on activation of PKC (Eigas AC et al., 2003).
There is evidence to support AR cross-talk with other cellular signal transduction pathways
resulting in AR ligand-independent activation and modulation of AR transactivation. There
is also mounting evidence that ligand-independent activation of AR may play a role in
hormone refractory prostate cancer. cAMP-dependent kinase (PKA) has been reported to
mediate ligand-independent AR activation and cross-talk between AR and PKA signaling
pathways resulting in androgen-independent induction of prostate-specific antigen (PSA)
gene expression (Nazareth L V et al., 1996). In contrast, protein kinase C (PKC) negatively
regulates AR-dependent transcription (Darne C et al., 1998). AR activation in the absence
of ligand has been reported in response to the peptide hormones epidermal growth factor
(EGF), keratinocyte growth factor (KGF), and insulin-like growth factor I (IGF-I), which
serve as ligands for receptor-tyrosine kinases and activate downstream intracellular kinase
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cascades (Culig Z et al., 1994). These growth factors can activate transcription from an
androgen-responsive reporter construct in the absence of ligand or synergistically in
conjunction with androgens. Interleukin-6 (IL-6), a multifunctional cytokine, can also
stimulate ligand-independent AR activation via mitogen-activated protein kinase (MAPK)
and signal transducer and activator of transcription-3 (STAT-3) signaling pathways in
LNCaP human prostate cancer cells (Ueda T et al., 2002). Moreover, steroid receptor
coactivator-1 (SRC-1) has been shown to enhance ligand-independent activation of the
N-terminal domain (NTD) of the AR by IL-6 via a pathway that is dependent on MAPK in
LNCaP (Ueda T et al., 2002). In summary, RACK1 acts as a scaffold protein that facilitates
the association of Src with AR and is necessary for AR tyrosine phosphorylation. It is
probable that the RACK1-AR complex and the consequent AR phosphorylation play a role
in hormone regulated transcriptional activation and cell growth. This may involve regulation
of AR localization or the interaction with transcriptional cofactors. It is also possible that the
RACK1- mediated activation of the Src pathway by androgen may lead to phosphorylation
of other transcription factors that are important for AR transcriptional activity

1.5.2 CapG
CapG (gCap39) is a ubiquitous gelsolin-family actin modulating protein involved in cell
signalling, receptor mediated membrane ruffling, phagocytosis and motility. CapG is the
only gelsolin-related actin binding protein that localizes constitutively to both nucleus and
cytoplasm. Structurally related proteins like severin and fragmin are cytoplasmic because
they contain a nuclear export sequence that is absent in CapG (De Corte V et al., 2004).
The relatively small protein (39kDa) is distributed throughout the cell, in the cytoplasm and
in the nucleus (Onoda K et al., 1993). There is no typical nuclear localization signal (NLS),
rather several regions of different subdomains are responsible for the nuclear import
(Gettemans J et al., 2005). A couple of positively charged amino acids within the
PIP2-binding region of the CapG protein or the amino acids, respectively, are proposed as
potential equivalents of the canonical NLS (De Corte V et al., 2004; Prendergast GC et al.,
1991). In contrast to the other gelsolin-related actin-binding proteins, the CapG protein
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lacks a nuclear export sequence, especially the decisive leucines (L17, L21 and L27) (Van
Impe K et al., 2003). Thus, it is the only member of this family accumulating in the nucleus.
CapG is imported in the nucleus by the transport receptor NTF2 and Ran (ras related
nuclear protein) GTPase, a major regulator of nucleo-cytoplasmic transport (K Van Impe et
al., 2008). The nuclear form of CapG has specifically been shown to promote cell invasion
(V. De Corte et al 2004). Interestingly, CapG interacts with both the cytoplasmic
(GDP-loaded) and nuclear (GTP-loaded) form of Ran (K Van Impe et al., 2008). The
nucleotide cycle of Ran is responsible for the directionality of transport across the nuclear
envelope (M Stewart., 2007). It blocks the rapidly growing ends of actin filaments (capping),
and is involved in the control of actin-based cell motility (Silacci P et al., 2004) and
membrane ruffling (phagocytosis)( Witke W et al., 2001) of nonmuscle cells. CapG was
originally isolated from the cytoplasm of alveolar macrophages (Southwick S et al., 1986),
these being the prototype of a motile and phagocytotic cell. Knockout of the protein causes
membrane ruffling and phagocytosis defects in macrophages and motility defects in
neutrophil granulocytes and dendritic cells (Parikh SS et al., 2003). The sequence of the
CapG–cDNA shows some overlap with the sequence of a group of DNA-binding proteins,
the basic helix– loop–helix family, including the c-myc oncogene. Therefore, the CapG
protein was called mbh-1, myc basic motif homolog-1 (Prendergast GC et al., 1991). The
actual binding of the protein to DNA could not be verified so far. A transactivation activity of
the CapG protein was called into question, but a modulation of transcriptional activators
was discussed (De Corte V et al., 2004). CapG as a nuclear actin-binding protein could
play a role in preventing the nuclear actin from polymerizing and keeping it in a monomeric
globular or a short oligomeric form. Thus, it could have some indirect influence on the
regulation of gene expression. The founding member of the protein family, gelsolin,
interacts with AR DNA-binding domain and ligand-binding domain via its COOH-terminal
domain. Immunolocalization studies show that GSN interacts with AR during nuclear
translocation. Functional analyses additionally demonstrate that GSN enhances AR activity
in the presence of either androgen (Nishimura K et al., 2003).
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1.5.3 Foxo1
The mammalian forkhead subclass O (FoxO) family of transcriptional factors includes
FoxO1, FoxO3a, FoxO4, and FoxO6. Except for FoxO6, these factors are major substrates
of the protein kinase Akt. In the presence of insulin and growth factors, FOXO proteins are
relocalized from the nucleus to the cytoplasm and degraded via the ubiquitin–proteasome
pathway. In the absence of growth factors, FOXO proteins translocate to the nucleus and
upregulate a series of target genes, thereby promoting cell cycle arrest, stress resistance, or
apoptosis. Inactivation of FoxO proteins perturbs the critical balance between cell
proliferation and death and contributes to tumorigenesis by promoting cell growth and cell
survival (Greer EL and Brunet A., 2005). Because PTEN (Phosphatase and tensin
homolog deleted on chromosome 10) suppresses AKT activity, it is expected that some
aspects of PTEN action are mediated through FoxO factors. Consistently, genetic and
biochemical analyses have shown that PTEN acts through FoxO factors to control oocyte
activation (Reddy P et al., 2008) and cancer cell growth (Greer EL and Brunet A, 2005).
FoxO1 is a 655-amino acid protein with a short N terminus, a highly conserved forkhead
box necessary for DNA binding, a LXXLL motif, and a proline-, acidic residue-, and
serine/threonine-rich activation domain (AD) (Zhao HH et al., 2001). FoxO1 inhibits AR
N/C interaction and negates the positive effect of p160 SRCs on AR transcriptional activity
by blocking their recruitment to AR NTD FoxO1 mediates the negative effect of the PTEN
on AR N/C interaction and SRC1 (Steroid receptor coactivator 1) binding and suppresses
androgen-induced proliferation and prostate-specific antigen (PSA) expression in PCa
cells (Qiuping Ma et al., 2009). PTEN acts through nuclear FoxO factors to disrupt AR N/C
interaction and coactivator recruitment to AR NTD, resulting in decreased transcriptional
activity of the AR and the suppression of androgen action. First, FoxO1 siRNA relieved the
inhibition of AR activity by ectopic PTEN in PTEN-null cells and increased AR activity in
PTEN-intact cells. Second, the constitutively nuclear FoxO1 inhibited AR activity in a
dose-dependent manner in PTEN-null cells whereas wild-type FoxO1 had little effect
(Qiuping Ma et al., 2009). FoxO1 inhibited AR activity in PTEN-intact cells suggest that it is
the nuclear FoxO factors that inhibits AR activity. Third, nuclear FoxO1 inhibited AR N/C

18

interaction and SRC recruitment to AR NTD and to the AREs of androgen target genes.
PTEN exerted a similar effect, which was relieved by FoxO siRNA, suggesting that
endogenous FoxO factors inhibit N/C interaction and SRC binding in a manner sensitive to
PTEN status.

1.5.4 AATF/Che-1
Apoptosis-antagonizing transcription factor (AATF) was first identified as a protein
interaction partner of DAP Like kinase (Dlk)/Zipper Interacting Protein Kinase(ZIP kinase)
(Page G et al., 1999). Dlk was independently isolated as an interaction partner of ATF-4
(Kawai T et al., 1998), a transcription factor of the ATF/CREB family (Hai T W et al., 1989).
The new kinase contains a leucine zipper that mediates homo- and hetero-dimerization.
Therefore, it was named zipper interacting protein (ZIP) kinase (Kawai T et al., 1998). Dlk
(ZIP kinase) is tightly associated with speckle like nuclear structures some of which overlap
with PML bodies (Kogel, D et al., 1999). These latter structures have been implicated in
transcription and regulation of apoptosis (Seeler J S and Dejean A, 1999). AATF was
shown to interfere with Dlk-induced apoptosis, thus explaining its name (Page G et al.,
1999). AATF is conserved from yeast to man, suggesting that it fulfills an important
function. Indeed, the mouse ortholog (termed traube) has been shown to play an essential
role in early embryogenesis (Thomas T et al., 2000). Moreover, the human ortholog of
AATF (termed Che-1) was independently identified as an interacting protein of the RNA
polymerase II, subunit 11, and the tumor-suppressor protein Rb (Fanciulli M et al., 2000).
This latter interaction releases the repressor function of Rb on E2F-mediated transcription,
presumably by displacing histone deacetylase-1 from the Rb-E2F complex, thereby
promoting cell cycle progression (Bruno T et al., 2002). Thus, AATF/Che-1 appears to play
a role in cell cycle control. Consistent with this assumption is its down-regulation of
TGF-β-induced differentiation (Lindfors K et al., 2000). The AATF protein has a modular
structure. At its N terminus it contains an acidic region that is characteristic of several
transcription factors, such as VP16 or BRCA-1. In its C-terminal half, it contains three
highly conserved regions, the significance of which is not known. Furthermore, AATF
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contains a leucine zipper and three LXXLL motifs, the latter of which are characteristic
interaction motifs of coactivators for nuclear hormone receptors (Heery D et al., 1997).
Many coactivators can interact directly with the LBD of activated receptors via an LXXLL
signature motif (Heery D M et al., 1997; Heery D M et al., 2001). A recent investigation on
their significance revealed that AATF can indeed directly interact with NRs and enhance
NR-mediated transactivation in a hormone-dependent manner. Thus, AATF behaved like a
bona fide coactivator of AR.

1.5.5 PIAS1
Protein inhibitors of activated STAT (PIAS) proteins can bind the AR DBD (Tan J et al.,
2000). PIAS family members that function as SUMO E3 ligases can either positively or
negatively affect transcription by the AR. Androgen receptor-interacting protein 3 (ARIP3)1
(Moilanen et al., 1999) belongs to the PIAS family of proteins, which also includes Miz1
(Mix interacting zinc finger) (probably a splicing variant of the ARIP3 gene), Gu/RNA
helicase II-binding protein, protein inhibitor of activated Stat1 (PIAS1), PIAS3 (Wu L et al.,
1997; Valdez B et al., 1997; Liu B et al., 1998; Chung C D et al., 1997), and PIASy/x (Sturm
S et al., 2000). PIAS proteins share a high sequence homology, with some regions
exhibiting amino acid sequence identities of 60–80%, and these proteins are not restricted
to vertebrates, since the Drosophila gene zimp encodes a homolog of the PIAS proteins.
PIAS proteins contain two LXXLL motifs in their sequences. These motifs have been
shown to be involved in recognition of several coregulators via the activation function 2
region of nuclear receptor ligand-binding domains (Heery D et al., 1997; Ding X F et al.,
1998). There are also four highly conserved cysteines and one histidine residue in the
sequence of PIAS proteins, which are predicted to form a zinc-binding structure. PIAS
proteins have been found to interact with and modulate the activities of various
transcription factors. As predicted from their high sequence homology, PIAS proteins share
functional properties and are all able to modulate transactivation capacity of different
steroid receptors in a promoter- and cell-specific fashion (Kotaja N et al., 2000; Junicho A
et al., 2000). PIAS proteins have been identified in many yeast two-hybrid screens,
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including PIASx-/ARIP3 from its interactionwith mouse disabled 2 (mDab2) (Cho S Y et al.,
2000) and DJ-1 protein (Takahashi K et al., 2001), PIAS1 has its interaction with p53
(Gallagher W M et al., 1999).

1.5.6 Alpha-actinin 2
The spectrin gene family encodes a diverse group of cytoskeletal proteins that include
spectrins, dystrophins and α-actinins. There are four tissue-specific α-actinins, namely
α-actinin-1, α-actinin-2, α-actinin-3 and α-actinin-4, which are localized to muscle and
non-muscle cells, including skeletal, cardiac and smooth muscle cells, as well as within the
cytoskeleton.

Each

α-actinin

protein

contains

one

actin-binding

domain,

two

calponin-homology domains, two EF-hand domains and four spectrin repeats, through
which they function as bundling proteins that can cross-link F-Actin, thus anchoring actin to
a variety of intracellular structures (Reinhard M et al., 1999; Harper B D et al., 2000).
Steroid receptor coactivator 1, glucocorticoid receptor interacting protein 1 (GRIP1) and
the activator of thyroid and retinoic acid receptor, have two activation domains, AD1 and
AD2, which transmit the activation signal from the DNA-bound nuclear receptor to the
chromatin and/or transcription machinery. In screening for mammalian proteins that bind
the AD2 of GRIP1, a mouse actin-binding protein, alpha actinin 2 (mACTN2) was identified.
mACTN2 might work as a primary coactivator for NRs through the recruitment by NRs.
mACTN2 also acts synergistically with GRIP1 to enhance NR functions through its
interaction with and enhancement of the GRIP1 transactivation activity. Furthermore, the
conserved LXXLL motif in mACTN2 and other related cytoskeletal proteins may have
implications in the understanding of the cross-talk between cytoskeletal organization and
NR functions through their roles in NR coactivator networks (Huang S M et al ., 2004).
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Fig.3 Schematic representation of the activation of gene expression by androgen receptors.
The process of transcription is regulated through coregulators interactions, including
interactions with different classes of individual cofactors, multi-component cofactor
complexes, general transcription factors, and effect the phenotype

1.6 Aim of the current study
Over the past several decades, tremendous efforts have been made towards
understanding the development of the genital tubercle. In mice, the obvious morphological
sexual differences of the GTs appear at E16.5. The androgen action commences earlier
than the timing of the morphological differentiation in rat embryos. But the androgen signal
pathways of masculinization remain poorly understood. Candidates for AR coregulators
have been found by a yeast two hybrid screen in our laboratory. We have constructed
cDNA libraries of genital tubercle tissue from male mouse embryos at precise stages of
development. Using a yeast two hybrid system, we screened five androgen receptors
coregulators (RACK1, FOXO1, PIAS1, AATF/Che-1 and Actinin-2) and the putative
coregulator CapG interacting with the androgen receptors in the presence of
dihydrotestosterone. However, some of these proposed androgen receptor partners will
finally turn out to be artefacts, because they were discovered under non-physiological
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conditions, and interactions might not occur in the living mammalian cell. Previous
tissue-recombination

experiments

indicated

that

the

GT

develops

through

epithelial-mesenchymal interactions. It is unknown how the AR acts in epithelium and
mesenchyme during male genital development. In our project, we use antibody of AR and
these five different androgen receptors coregulators (RACK1, FOXO1, PIAS1,
AATF/Che-1 and Actinin-2) and the putative coregulator CapG to detect their expression in
the developing GT of different stages. We use four different stages mouse embryos (E15,
E16, E17 and E18). The embryos are sexually differentiated by Y-chromosome specific
PCR. We use immunohistochemical staining method to detect the proteins. First of all we
want to detect whether AR is expressed in the developing GT and where it is expressed.
Secondly we want to find out at which developing stage AR is expressed. Furthermore, we
want to investigate whether AR and AR coregulators are expressed in the same time
window. Besides that we also want to find out whether five different AR coregulators
(RACK1, FOXO1, PIAS1, AATF/Che-1 and Actinin-2) and the putative coregulator CapG
are expressed in the developing GT and where they are expressed. We studied the AR
coregulators expression at four different developing stages from E15 to E18. With these
studies we want to analyze if these AR coregulators might be involved in
androgen-dependent GT development.

23

2. Materials and Methods
2.1 Materials:
2.1.1 Chemicals and Kits
All chemicals and reagents were used in analytic degree of purity

ABC KIT………………………………………………. Vector Laboratoried Inc, California USA
Agarose ………………………………………..……….…………… Invitrogen, California, USA
Bovine serum albumin(BSA) ……………………….………….

Sigma, Steinheim, Germany

buffer HF …………………………………………………………….Finnzymes, Espoo, Finland
DAB substrate solution: Stable Peroxide buffer …………….…..…... Thermo, Rockfort, USA
DAB /Metal concentrate (10x) ……………………………….…..……. Thermo, Rockfort, USA
dH2O ……………………………………………………………...……………University Luebeck
DNA gel loading buffer ………………………………….………………….. University Luebeck
dNTP ……………………………………………………….…........…………Takara, Sake, USA
Ethanol …………………………………………...........……….……Roth, Karlstruhe, Germany
Ethidium bromide …………………………….....................…..…Sigma, Steinheim, Germany
EZ-Dewax

……………………………………….…………………BioGenex, California, USA

Fusion Taq enzyme ……………………………………………...…Finnzymes, Espoo, Finland
Goat serum …………………………………………….....................…Abcam, Cambridge, UK
Hydrogen peroxide (H202) ……………………………............…........Thermo, Rockfort, USA
Hematoxylin …………………………..………………………………... Thermo, Rockfort, USA
Hydrochliric acid(HCl)

…………….………………..………….. Merck, Darmstadt, Germany

Marker(100bp) …………………………….………………………………Biolabs, New England
Methanol ………………………………………….………………….Roth, Karlstruhe, Germany
Optimax-Washbuffer ………………………………………………. BioGenex, California, USA
Organic mounting medium ……………………………………………. Thermo, Rockfort, USA
Paraformaldehyde solusion 4%in PBS ………....................................USB, Cleveland, USA
Pierce Peroxidase Detection Kit ……………….………………….….. Thermo, Rockfort, USA
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Potassium dihydrogen phosphate (KH 2 PO4).................... Merck, Darmstadt, Germany
QIAamp DNA Mini Kit…………………………………………………..……. QIAGEN,Germany
Sodium hydrogen phosphate (Na 2 HPO4)…….................. Merck, Darmstadt, Germany
Sodium chloride (NaCl)

.………………………........…………J.T.Bater, Reventer

Holland

Sodium hydroxide (NaOH) ..…………………..…........…………Merck, Darmstadt, Germany
Triton X-100 ………………………………………....................…Serva, Heideberg, Germany
Trizma Base ………………………………………................…....Sigma, Steinheim, Germany
Trypsin/Ethylenediamine tetraacetid acid (EDTA).....................Sigma, Steinheim, Germany
Tween 20……………………........……………………………...…Merck, Darmstadt, Germany
Y chromosome specific prime Zfy1-s ……….…………………………….…...Metabioch, USA
Y chromosome specific prime Zfy1-as …………….…………………………. Metabioch, USA

2.1.2 Solutions and Buffers
(1) EZ-Dewax Solution: 100ml contrated EZ-Dewax solution, 90 ml 95% Ethanol
(2) Optimax-Washbuffer: 25 ml concentrated buffer add 475 ml dH2O
(3) 1×TBS: 8.18g NaCl, 2.42g Tris-aminomethan in 1L dH2O(PH=7.6)
(4) 10×TBS: 81.8g NaCl, 24.23g Tris-aminomethan in 1L dH2O(PH=7.6)
(5) 1×TBS+1% BSA 100ml: 10ml 10×TBS, 90ml dH2O, 1g BSA
(6) Antigen Retrieval Buffer: 1.21g Tris, 0.37g EDTA, dH2O up to 1 L (PH=9.0) and add
0.5ml Tween 20
(7) 1×TBS+0.025% Triton X-100: 100ml: 10ml 10×TBS, 90ml dH2O, 25μl Triton X-100
(8) Wash buffer: 100ml 1×TBS, 50μl Tween 20
(9) PBS pH7.4 KH 2 PO4 1.4mol/L, Na 2 HPO4 4.3mol/l, NaCl 137mol/L，KCl 2.7mol/L
and dH2O
(10) PFA/PBS (Paraformaldehyde)/ (Phosphate Buffered Saline)
(11) Electrophoresis buffer: 0.5 TBE (0.5x45nM Tris-borate and 1mM EDTA)
(12) Gel-loading buffer: 0.25% bromophenol blue, 0.25% xylene cyanol FF and 30%
glycerol in H2O
(13) 10% normal serum, 1% BSA in TBS: 50ul serum, 50ul 10×BSA, 50ul 10×TBS, 350ul
dH2O
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(14) 10%BSA: 100ug Albumin Bovine add dH2O to 1ml
(15) 50% Ethanol: 100ml: 50ml 100% Ethanol, 50ml dH2O
(16) 70% Ethanol: 100ml: 70ml 100% Ethanol, 30ml dH2O
(17) 90% Ethanol: 100ml: 90ml 100% Ethanol, 10ml dH2O
(18) 95% Ethanol: 100ml: 95ml 100% Ethanol, 5ml dH2O
(19) 100% Ethanol: 100ml: 100ml 100% Ethanol
(20) DAB: 0.5 ml of substrate add 450 µl of Stable Peroxide buffer to 50 µl of the
DAB/Metal concentrate

2.1.3 Antibodies and their characteristics:
(1) RACK1 (ab72483) rabbit polyclonal antibody is from Abcam plc 330 cambridge Science
Park, CB4 0FL, UK. It was used at 1:1000 dilution.
(2) CapG (10194-1-AP) rabbit polyclone antibody is from Protein Tech Group,Inc 2201 W.
Campbell Park Dr. Chicago,IL, USA. It was used at 1:200 dilusion
(3) FOXO1 (ab39670) rabbit polyclonal antibody is from Abcam plc 330 cambridge Science
Park, CB4 0FL, UK. It was used at 1:200 dilution.
(4) AATF (ab39631) rabbit polyclonal antibody is from Abcam plc 330 cambridge Science
Park, CB4 0FL, UK. It was used at 1:500 dilution.
(5) PIAS1 (ab58403) rabbit polyclonal antibody is from Abcam plc 330 cambridge Science
Park, CB4 0FL, UK. T It was used at 1:200 dilution.
(6)Alpha-actinin-2 (sc-130928) rabbit polyclonal antibody is from Santa Cruz Biotechnology,
Inc 2145 Delaware Avenue Santa Cruz, CA. 95060 U.S.A. It was used at 1:50 dilution.
(7) Androgen receptor rabbit polyclonal antibody is from Dianova GmbH Warburgstr.
4520354 Hamburg, Germany. It was used at 1:100 dilusion
(8)Horseradish peroxidase (HRP)-conjugated goat polyclonal anti-rabbit IgG antibody is
from Abcam plc 330 cambridge Science Park, CB4 0FL, UK. It was used at 1:400 dilution.
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2.1.4 Embryo
We use four different stages of the pregnant CD1 mouse for our project. They are E15,
E16, E17 and E18. All animals studies were done under the permission of Ministerium für
Landwirtschaft, Umwelt und Ländliche Räume des Landes Schleswig-Holstein.

2.1.5 Instruments and equipment
Centrifuge 5417R ………………………………….…….…… Eppendorf, Hamburg, Germany
Chamber …………………………………………….… Owl Scientific Inc, Hamburg, Germany
Comb ………………………………………….……….. Owl Scientific Inc, Hamburg, Germany
DuoMax 1030 Shaker …………………………….…….……….Heidolph, Hamburg, Germany
Eppendorf tube ………………………………………….……. Eppendorf, Hamburg, Germany
Eppendorf Box ……………………………….……………….. Eppendorf, Hamburg, Germany
Eppendorf Pipette ……………………………..…….............. Eppendorf, Hamburg, Germany
Electrophoresis System ………….……………………Owl Scientific Inc, Hamburg, Germany
Electrophoresis Power supply device……………...Pharmacia Biotech, Hamburg, Germany
Gel-sealing tape ………………………………..………………….. Macor, Hamburg, Germany
Glass slide ………………………..…………...…………………………Thermo, Rockfort, USA
Glass tray ………………………………………..………………..…….. Thermo, Rockfort, USA
Light microscope ……………………………..…………………….…………...Olympus, Japan
Microwave oven ………………………………..……………………………….Bosch, Germany
PCR Masercycler Gradient ………………...……………….. Eppendorf, Hamburg, Germany
Petri dish ……………………………………..…………………………. Thermo, Rockfort, USA
PH-meter ………………………………………..…………Mettler Toledo, Hamburg, Germany
Plastic box ………………………………….Qantifoil instruments Gmbh, Hamburg, Germany
Sterilization Scalpel ……………………….….………………………..…………Feather, Japan
Sterilization forceps ……………………………..……………………..……Hamburg, Germany
Sterilization scissors ………………………...………………………..…….Hamburg, Germany
Thermomixer Comfort …………………….……………….…. Eppendorf, Hamburg, Germany
UV light photo …………………………….………………….Phase Gmbh, Luebeck, Germany
UV-25 ………………………………………………….…………………Hoefer, California, USA
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Vortex Genie ………………………………………….……….…..Scientific Inc, Bohemia, USA
Water bath kettle ………………………………………………Kotermann, Hamburg, Germany
Weighter …………………………………………………….……Sartorius, Hamburg, Germany

2.2 Subject and Methods

2.2.1 Embryo preparation
We used four different stages of the pregnant CD1 mouse for our project. Embryos were
obtained at E15, E16, E17 and E18. After sacrifice the mouse under the isoflurane, we
open the uterus and take the embryos out of uterus immediately. Then we cut a small
piece of the embryos tail for DNA extraction. The embryos are washed in PBS and fixed 24
hours in 4% PFA/PBS at 4°, then dehydrated in 70%, 95% and 100% ethanol. After that
the embryos were paraffin-embedded. Then we cut the paraffin block into slides of 3 μm.
Cuts are mounted on positively charged or saline-coated slides and dried in 37° over night.
The slides were kept at room temperature for later staining.

2.2.2 Protocol for embryo tail DNA extraction
Take 1/2 mouse tail Embryo and rest for DNA extraction with QIAamp DNA Mini Kit. Before
starting, equilibrate the sample to room temperature. Heat 2 water baths: One for 56° and
one to 70°. First put tissue pieces of not more than 25 mg into 1.5 ml microcentrifuge tube
and add 180μl of buffer ATL. Add 20 μl proteinase K mix by vortexing and incubate at 56°
with shaking for 3 hours until the tissue is completely lysed. Briefly centrifuge the 1.5 ml
tubes to remove drops from the inside of the lid. Add 200 μl buffer AL to the sample, mix by
pulse-vortexing for 15 sec, and briefly centrifuge, then incubate at 70° for 10 min with 300
rpm shaking. Add 200 μl ethanol (100%) to the sample, and mix by pulse-vortexing for 15
sec. After mixing, briefly centrifuge the 1.5 ml tube to remove drops from inside the lid.
Carefully apply the mixture to the QIAamp Mini spin column without wetting the rim. Close
the cap, and centrifuge at 6000 ×g for 1 min. Place the QIAamp Mini spin column in a clean
2 ml collection tube, and discard the tube containing the filtrate. Carefully open the QIAamp
Mini spin column and add 500 μl AW1 without wetting the rim. Close the cap, and
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centrifuge at 6000×g for 1 min. Place the QIAamp Mini spin column in a clean 2 ml
collection tube and discard the collection tube containing the filtrate. Carefully open the
QIAamp Mini spin column and add 500 μl buffer AW2 without wetting the rim. Close the
cap and centrifuge at 20000×g for 3 min. Place the QIAamp Mini spin column in a new 2 ml
collection tube and discard the old collection tube with filtrate. Centrifuge at 20000×g for 1
min. Place the QIAamp Mini spin column in a clean 1.5 ml microcentrifuge tube and discard
the collection tube containing filtrate. Carefully open the QIAamp Mini spin column and add
55 μl buffer AE. Incubate at room temperature for 1 min, and then centrifuge at 6000 ×g for
1 min.

2.2.3 Protocol for Y-chromosome specific PCR procedure
Forward Primer: Zfy1-s：GAC TAG ACA TGT CTT AAC ATC TGT CC
Reverse Primer: Zfy1-as: CCT ATT GCA TGG ACA GCA GCT TAT G
We use 10 μl buffer HF, 5 μl sNTPs, 1 μl Forward Primer, 1 μl Reverse Primer, 3 μl
DNA-preparation from Embryos, 29.5 μl H2O, 0.5 μl Fusion Taq. Total 50 μl of each tube,
then begin the PCR amplification. PCR program: Before the samples are put into the
machine, PCR machine is hold at 98°. Then put the samples into the machine, and set 98°
30 sec for denaturation. Then the temperature change into 68° 30 sec for renaturation. And
then temperature change into 72° 10 sec for DNA synthesis for the first cycle. The whole
cycles are 34 cycles. And then 72° 5 min and 8° hold. Take the PCR products on 2%
Agarose gel 100 voltage 60 min with 100 bp marker. During the time of running the PCR
program, we can prepare the sufficient electrophoresis buffer (same buffer with for agarose
solution) to fill the electrophoresis tank and to cast the gel. Prepare 2% agarose in
electrophoresis buffer at a concentration appropriate for separating the particular size
fragment expected in the DNA sample. Make certain cap is loose. Heat the slurry in a
microwave oven until the agarose boiling. While the agarose solution is cooling, choose an
appropriate comb for forming the sample slots in the gel. Position the comb 0.5cm above
the plate so that a complete well is formed when the agarose is added to the mold. Pour
the warm agarose into the mold. Allow the gel to set completely (45min at the room
temperature), remove the comb and tape carefully. Mount the gel in the electrophoresis
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tank. Add just enough electrophoresis buffer to cover the gel to a depth of -1 mm. Mix the
sample of PCR product with gel-loading buffer (5μl water, 5μl DNA sample and 2μl
gel-loading buffer). Slowly load the sample mixture into the slots of the submerged gel
using a disposable micropipette, load size standards into slots on both the right and left
sides of the gel. Close the lid of the gel tank and attach the electrical lead so that the DNA
will migrate toward the positive anode Apply 100 voltage 60 min. Stain the gel into the
ethidium bromide solution for 15 min and UV light photo, showing the result.

2.2.4 Protocol for immunohistrochemistry
Mix 50 ml EZ-Dewax Solution and 45 ml 100% Ethanol and agitate, and pure into two slide
baths. Immerse slide in the first bath for 5 minutes. Agitate the slide occasionally. Transfer
slide to the second bath. Immerse for 5 minutes. Agitate the slide occasionally. Rinse slide
well with DI water. Immerse slides in first bath with Optimax-Washbuffer from BioGenex for
5 minutes, agitate the slides occasionally. Immerse slides in second bath with
Optimax-Washbuffer from BioGenex for 5 minutes, agitate the slides occasionally. From
now on the slides have to be protected from drying out all the time. Antigen retrieval is
done by heating the Tris-EDTA (PH=9) in a slide container in a 97° water bath and after
checking the temperature of the buffer the slide are incubated for 30 min in the 97° hot
buffer. Take slide container out of the water bath and let it cool down at room temperature
for 20 min. First rinse with TBS, then incubate 2X5 min with TBS+0.025% Triton X-100. For
blocking incubate with 10% normal serum, 1% BSA in TBS for 2 hours at room
temperature. Drain slides for a few second and carefully wipe around sections with tissue
paper, do not touch the tissue. In order to decrease cross reaction with endogenous
immunoglobulins in the tissue and eliminates Fc receptor binding of both the primary
antibody and secondary antibody BSA is included to reduce non-specific binding caused
by hydrophobic interactions. Apply primary antibody in 50 μl TBS with 1% BSA and
incubate over night at 4° in a wet chamber. Rinse 2x5 min with TBS+0.025% Triton X-100
with gentle agitation. Add 20 µl goat serum to 1ml of diluted (1 drop in 10ml) biotinylated
secondary antibody (1 drop in 10ml), apply this secondary antibody dilution to the sections
and incubate for 1h at RT. Rinse 2x5 min with TBS. Rinse 1xTBS+ 0.05% Tween. Incubate
30

sections with freshly prepared ABC reagent (prepare ABC system 30 min before use, mix 1
ml of buffer with 2.8 µl of Reagent A and 2.8 µl of Reagent B). Wash 2x5 min in TBS+
0.05%Tween. Prepare 1x substrate solution (stable for several hours at 4°C). Remove
DAB/Metal concentrate from the -20° storage and mix well. Remove required quantity for
use and immediately return bottle to -20°. To prepare 0.5 ml of substrate

add 450 µl of

Stable Peroxide buffer to 50 µl of the DAB/Metal concentrate and mix well and incubate 10
min. Wash with tap water (put into the correct waste), rinse sections with tap water.
Incubate in increasing concentrations of ethanol: 3 min in 50%, 70%, and 95% alcohol and
2x 3 min in 100% ethanol. Dry slides and make sure tissue sections are dry. Apply 2 drops
of mounting medium to tissue section and place cover slip. Let slides set at room
temperature for 2 h at a flat surface.
The activity of the coregulator antibodies were confirmed before use by Western Blot.
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3. Results
In the present study, four stages of CD1 mouse embryo are examined. They are E15, E16,
E17 and E18. Samples of these gestational ages are used because these stages are likely
to represent the time window of the androgen and androgen receptor coregulators function.
Y-chromosome specific PCR demonstrated that 25 embryos are male and 19 embryos are
female (Fig4-7). From these mouse embryos the males were used for the examination.

E15

3

5 6

8

13

Fig. 4 Analysis of PCR products obtained with the Y chromosome specific primers and
electrophoresis shows mouse number 3, 5, 6, 8, 13 are male. The arrow is the marker of
200 bp.

E16

2 3

5

7 8 9 10 11

Fig. 5 Analysis of PCR products obtained with the Y chromosome specific primers and
electrophoresis shows mouse number 2, 3, 5, 7, 8, 9, 10, 11 are male

E17

2 3 4

5 6

7

9

Fig. 6 Analysis of PCR products obtained with the Y chromosome specific primers and
electrophoresis shows mouse number 2, 3, 4, 5, 6, 7, 9 are male. The arrow is the marker
of 200bp.
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E18

1

2

6 7

8

Fig. 7 Analysis of PCR product obtained with the Y chromosome specific primers and
electrophoresis shows mouse number 1, 2, 6, 7, 8 are male. Arrow is the marker of 200bp.

Some of the E15 embryos appeared younger than expected. This was due to the fact that
some animals mate sooner and others later on the same day.
For evaluation, the immunohistochemical localization and relative intensity of the positive
staining of AR and AR coregulators (expressed as positively stained cells) were labeled as
positive (+). Those samples with no AR or AR coregulators were labeled as negative (-).
Those samples with no specific staining were labeled (+/-). If the staining is strongly
positive, we labeled as (+++). The relative intensity of tissue was determined by
comparison with the positive control.

3.1 Expression of AR in the GT
In the present study, E15, E16, E17 and E18 stages of mouse embryo GT are examined.
At the E15 stage, no AR expression is detected in the GT, but AR is expressed in the basis
of GT. At E16, E17, E18 stages, there is strong positive staining in the mesenchyme of the
GT, especially adjacent to the urethra plate epithelium. AR is not expressed in the
epithelium of the GT (Table 2).

33

Fig. 8 Immunohistochemical localization of AR in four stages of the mouse embryo GT.
Immunopositive cells for AR appear brown as a result of the diaminobenzidine
tetrahydrochloride(DAB) colorimetric reaction. (A): E15 GT shows negative staining but
some positive cells are visible near the GT (Arrow). (B): E16 mesenchyme is strongly
positive (Arrow). (C): E17 mesenchyme is strongly positive (Arrow). (D): E18 mesenchyme
is strongly positive (Arrow)

Table 2 Summary of the immunohistochemical localization and relative intensity of the
androgen receptor

Epithelium

Mesenchyme

UPE(urethra
plate epithelium

E15

(-)

(-)

E16

(-)

(+++)

E17

(-)

(+++)

E18

(-)

(+++)

(-)
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3.2 Expression of RACK1 in the GT
RACK1 is not expressed in the E15 mouse embryo GT. There is no staining in the
epithelium or mesenchyme. Weak positive expression is found in the mesenchyme of the
E16 GT. But RACK1 is expressed in the epithelium and mesenchyme of E18 GT,
especially in the epithelium of the prepuce of the GT (Table 3).

Fig. 9 Immunohistochemical localization of RACK1 in four stages of the mouse embryo GT.
Immunopositive cells for RACK1 appear brown as a result of the diaminobenzidine
tetrahydrochloride(DAB) colorimetric reaction. (A): E15 GT no specific staining. (B): E16
mesenchyme: no specific staining. (C): E17 mesenchyme: no specific staining. (D): E18
epithelium is strongly positive and the mesenchyme shows positive staining (Arrow)
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Table 3 Summary of the immunohistochemical localization and relative intensity of RACK1

Epithelium

Mesenchyme

E15

(-)

(-)

E16

(+/-)

(-)

E17

(+/-)

(-)

E18

(+)

(+)

UPE

(+/-)

3.3 Expression of CapG in the GT
CapG, as one of coactivator of the AR coregulators is a ubiquitous gelsolin-family actin
modulating protein. From our study we find that CapG is positively expressed in the
epithelium of the E15 GT. Our slides show a strong expression of CapG in urethral plate
epithelium of the GT, and it is also strongly expressed in the epithelium of the prepuce at
E16. CapG also has a strong expression in the epithelium at E17 and E18. CapG is not
expressed in the early stage of the mesenchyme, but it is positively expressed at E18 in
the mesenchyme of the GT (Table 4).

Table 4 Summary of the immunohistochemical localization and relative intensity of CapG

Epithelium

Mesenchyme

E15

(+)

(-)

E16

(+++)

(-)

E17

(+++)

(-)

E18

(+++)

(-)

UPE

(+)
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Fig. 10 Immunohistochemical localization of CapG in four stages of the mouse embryo GT.
Immunopositive cells for CapG appear brown as a result of the diaminobenzidine
tetrahydrochloride (DAB) colorimetric reaction. (A): E15 GT has positive staining in the
epithelium. (B): E16 GT epithelium shows strong specific positive staining and strong
positive staining in the urethra plate epithelium. (C): E17 epithelium shows strong specific
positive staining. (D): E18 GT epithelium shows strong specific positive staining and strong
positive staining in urethral plate epithelium.

3.4 Expression of FOXO1 in the GT
FOXO1 is a 70kDa protein which is a member of the forkhead homeotic gene family of
transcription factors. It can act as either a coactivator or a corepressor of AR. In our
present study, we find FOXO1 is expressed in the mesenchyme and epithelium of E15 GT.
And it is also has positive expression in the E16 E17 and E18, either in the epithelium or
the mesenchyme. FOXO1 has a weakly positive expression in the urethral plate epithelium.
(Table 5)
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Fig. 11 Immunohistochemical localization of FOXO1 in four stages of the mouse embryo
GT. Immunopositive cells for FOXO1 appear brown as a result of the diaminobenzidine
tetrahydrochloride (DAB) colorimetric reaction. (A): E15 GT epithelium and mesenchyme
demostrate positive staining. (B): E16 epithelium and mesenchyme show positive staining.
(C): E17 epithelium and mesenchyme are also positive. (D): E18 epithelium and
mesenchyme show positive staining.

Table 5 Summary of the immunohistochemical localization and relative intensity of FOXO1

Epithelium

Mesenchyme

E15

(+)

(+)

E16

(+)

(+)

E17

(+)

(+)

E18

(+)

(+)

UPE

(+)
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3.5 Expression of AATF/Che1 in the GT
AATF/Che1, as one of coactivator of AR coregulators is expressed in neither epithelium
nor mesenchyme of the E15 GT in our study. No expression is found in the E16 GT in the
epithelium or mescenchyme. Also the urethral plate epithelium of E16 is negative. But
AATF/Che1 is positively expressed in epithelium and mesenchyme of the E18 GT, the
expression is stronger in the epithelium (Table 6).

Fig. 12 Immunohistochemical localization of AATF/Che-1 in four stages of the mouse
embryos GT. Immunopositive cells for AATF/Che-1 appear brown as a result of the
diaminobenzidine tetrahydrochloride (DAB) colorimetric reaction. (A): E15 GT no specific
staining. (B): E16 epithelium and mesenchyme show no specific staining. (C): E17
epithelium and mesenchyme show no specific staining. (D): E18 epithelium is positively
stained and mesenchyme has weak positive staining (Arrow)
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Table 6 Summary of the immunohistochemical localization and relative intensity of
AATF/Che1

Epithelium

Mesenchyme

E15

(+/-)

(+/-)

E16

(+/-)

(+/-)

E17

(+/-)

(+/-)

E18

(+)

(+)

UPE

(-)

3.6 Expression of PIAS1 in the GT
PIAS1 can either positively or negatively affect transcription to the AR. In our present study
we find PIAS1 not expressed at the E15 GT. Neither in the epithelium nor in the
mesenchyme is positive stained comparing to the control staining in the muscle. There is
also no specific positive staining in the epithelium, mesenchyme or urethral plate
epithelium of the E16 GT. PIAS1 shows weak positive staining in the epithelium and
urethral plate of epithelium of E17 GT. And PIAS1 has a weak positive expression in the
epithelium of the E18 GT (Table 7).

Table 7 Summary of the immunohistochemical localization and relative intensity of PIAS1.

Epithelium

Mesenchyme

UPE

E15

(-)

(-)

E16

(-)

(-)

(-)

E17

(+)

(-)

(+)

E18

(+)

(-)
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Fig. 13 Immunohistochemical localization of PIAS1 in four stages of the mouse embryo GT.
Immunopositive cells for PIAS1 appear brown as a result of the diaminobenzidine
tetrahydrochloride (DAB) colorimetric reaction. (A): E15 GT no specific staining. (B): E16
epithelium and mesenchymal show no specific staining. (C): E17 epithelium and urethral
plate epithelium have weak positive staining. (D): E18 epithelium has positive staining.
Arrow shows the positive control (muscle)

3.7 Expression of Actinin-2 in the GT
Actinin-2 belongs to the spectrin gene family and encodes a diverse group of cytoskecletal
proteins that include spectrins, dystrophins, and actinins. In our present study, no positive
expression is found comparing to the control of muscle staining. Neither epithelium nor
mesenchyme has stained for E15-E18 GT. There is also no staining in the urethral plate
epithelium of E16.(Table 8)
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Fig. 14 Immunohistochemical localization of Actinin-2 in four stages of the

mouse embryo

GT. Immunopositive cells for Actinin-2 appear brown as a result of the diaminobenzidine
tetrahydrochloride (DAB) colorimetric reaction. (A): E15 GT epithelium and mesenchyme
are negative. (B): E16 epithelium and mesenchyme show negative staining. (C): E17
epithelium and mesenchyme have negative staining. (D): E18 epithelium and
mesenchyme have negative staining. The black arrow is GT. White arrow indicates
positive control (muscle).
Table 8 Summary of the immunohistochemical localization and relative intensity of
Actinin-2

Epithelium

Mesenchyme

E15

(-)

(-)

E16

(-)

(-)

E17

(-)

(-)

E18

(-)

(-)

UPE

(-)
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4. Discussion
This study investigated the localization of the androgen receptor, five different androgen
receptor coregulators (RACK1, FOXO1, PIAS1, AATF/Che-1 and Actinin-2) and of the
putative

androgen

receptor

coregulator

CapG

in

four

different

stages

by

immunohistochemical analysis. Immunohistochemical techniques as well as biochemical
assays can provide reliable information on the cellular distribution of AR and AR
coregulators in the developing GT.
Androgens, which are the main male sex steroids mediate a wide range of developmental
and physiological responses and are especially important in male sexual differentiation.
The hormonal control of sexual development has been shown for more than 100 years
(Jost A, 1953). However, the involvement of nongonadal and locally produced virilizing
factors in the sexual development has not yet been elucidated. Sexual differentiation is a
remarkably complex process, which depends on the orchestration of signaling networks.
The presence of putative effectors that can potentially interact with hormonal signaling or
can function in parallel with the hormonal pathway remains mostly unknown.
The development of the fetal external genitalia is divided into two processes. The first
phase corresponds to the initial outgrowth and early patterning of the genital primordia.
The external genitalia of both sexes are derived from a common undifferentiated anlage,
the genital tubercle (GT). In mice, it develops from the cloacal region starting at embryonic
day (E) 10.5. There after, GT outgrowth is a consequence of mesenchymal swelling
around the cloaca, which is accompanied by the formation of the urethral plate epithelium
(UPE), the future embryonic urethral epithelium, in the ventral midline. The subsequent
second phase is a hormonally regulated process. As the embryo develops, the prepuce
arises from the proximal to the distal region of the GT, which eventually engulfs the GT.
The preputial elevation is accompanied by the thickening of the preputial mesenchyme and
the enlarged future glans region. After the development of the prepuce, the urethral folds
fuse in the midline of the GT, which eventually develops the tubular urethra (Yamada G et
al., 2006). The mesenchyme in the glans gradually condenses and develops the various
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mesenchymal derivatives, such as corporal tissues and penile bones. On the other hand,
the female external genitalia display few such characteristic processes. Hence, a
morphological sexual dimorphism is apparent at birth with larger external genitalia, a
well-developed prepuce, tubular urethra, and the condensation of a bilaterally segmented
corporal body in males. Fetal androgen production begins shortly after Leydig cell
differentiation at around E13 in the mouse and obvious morphological sexual differences of
the GT appears at E16.5 (Suzuki K er al., 2002). The time window for external genital
masculinization is E15.5 (Shinichi Miyagawa et al., 2009). Our study confirms the
localization and time window of AR by immunohistochemical analysis in the developing
embryo GT. AR expression is almost negative in the whole GT at the E15, but it can be
detected at the basis of the genital. This indicates that AR does not play an important role
at the E15 stage. But there is a strong positive expression in the mesenchyme of the E16,
E17 and E18 mouse embryo GT.
It is known that AR cannot act alone. There are many signalling pathways and genes that
regulate the development of the GT. Fgf8 (Fibroblast grows factor 8), Shh (Sonic
hedgehog) and BMP have been considered important factors for the GT development.
There are some important structures during the GT development. Urethral plate epithelium
(UPE) is one of the most important structures. Urethral plate epithelium regulates several
aspects of the outgrowth of the mouse GT. It has been shown that the UPE fulfills an
essential role in the initial outgrowth control of the GT (Haraguchi et al., 2000). During GT
development, the role of the distal region of the urethral plate epithelium, the
Fgf8-expressing region, was first examined by cultivating GTs after microsurgically
removing the region. Mesenchyme (endogenous) Fgf10 expression was markedly reduced
24 hours after the removal. Also when FGF8 beads were transplanted to the GT
mesenchyme, expression of the mesenchymal genes, Fgf10, Msx1, Bmp4 and Hoxd13,
were augmented. After that they examined the growth promoting role of the corresponding
region and of FGF proteins in GT organ culture. The GT from 11.5 d.p.c. embryos were
cultured for 48 hours after removing the distal urethral plate epithelium (the
Fgf8-expressing region). In order to confirm the extent of the removal, absence of Fgf8
expression was checked. GT outgrowth was found to be dependent on the presence of the
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Fgf8-expressing region. So the role of UPE during GT morphogenesis is essential. And
Fgf8 has been thought one of the most important factors for the GT development. But as
for late-staged GT formation, Fgf8 is not detected after about E14.5, while GT outgrowth
continues further (Suzuki et al., 2003). And Shh expression continued approximately until
E15. (Ryuma Haraguchi et al., 2001). Other factors have also been detected in the early
stage of the GT UPE such as BMP, DPP, Shh et al. So it appears that these signal or
genes have a function at the early stage of the GT development. But they are not involved
during the sexual development at later stages.
Another important pathway during the GT developing is the epithelial-mesenchymal
interaction. As we know external genitalia are anatomical structures located in the posterior
embryonic region as part of several urogenital/reproductive organs. The embryonic anlage
of the external genitalia, the genital tubercle (GT) develops as a bud-shaped structure with
an initial urethral plate and later urethra. Embryonic external genitalia are considered to be
one of the appendages. Recent experiments suggest that essential regulatory genes
possess similar functions for the outgrowth regulation of the GT and limb appendages. A
limb appendage developmental program requires a precise set of genetic cascades; first
regulating the positioning of the limbs in the body, the initiation processes, and the
subsequent outgrowth control of limb appendages. In addition to the intriguing similarities
in the outgrowing processes of the limbs and GTs, the developmental “field” formation of
the limbs and GT may represent an interesting topic of future research for comparison
purposes. Limb initiation develops as a result of developmental crosstalk by the genes
expressed in lateral plate mesoderm leading to the formation of signaling epithelia (AER)
for its subsequent outgrowth. Complex genetic interplay between several transcriptional
regulators and growth factors has been reported during the initiation processes of limb bud
formation. These include interactions between Tbx(s) and dHand, Gli3, Wnt genes possibly
lying upstream of the Shh gene in the developmental cascade, which eventually regulates
the PD and AP limb pattern (Ryuma Haraguchi et al., 2001). The inductive effects of
epithelia on the development of various tissues through epithelial-mesenchymal
interactions have been reported previously (Roberts et al., 1995). Such interactions have
been also reported in developing urogenital systems (Kurzrock et al., 1999).
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We found that RACK1 is strongly expressed in the late stage in the mesenchyme. RACK1
was previously reported to interact with the AR modulating the tyrosine phosphorylation of
AR and its interaction with the Src tyrosine kinase. It is a 36-kDa cytosolic protein
containing seven internal Trp-Asp 40 (WD40) repeats homologous to the G protein β
subunit. RACK1 belongs to corepressor with the androgen receptor. It can modify histones
by phosphorylation as a bridging protein indicating interaction with the AR. Its activity also
can modify other proteins, including other cofactors, general transcription factors, RNA
polymerase Ⅱ, and specific transcription factors. RACK is also expressed in the late
stages of epithelium of the GT. The expression of RACK1 in both epithelium and
mesenchyme suggest a role in the epithelium-mesenchyme interaction during genital
development.
CapG (gCap39) is a ubiquitous gelsolin-family actin modulating protein involved in cell
signalling, receptor mediated membrane ruffling, phagocytosis and motility. It is a putative
AR coregulator. CapG is the only gelsolin-related actin binding protein that localizes
constitutively to both nucleus and cytoplasm. Our result showed a strong expression of
CapG in the UPE of the developing mouse GT. CapG is detected at the late stage of the
developing GT. Its importance has also been proven by a yeast two hybrid screen
experiment in our laboratory, which indicates the interaction of CapG and the AR. We also
found that CapG is strongly expressed in the UPE and the AR is strongly expressed
adjacent to the UPE. These findings indicate that CapG has an important function for the
GT development. We also found that CapG is strongly expressed in the other epithelial
regions of the GT beside the urethral plate epithelium. So we can hypothesize that CapG
may play an important role during the GT differentiation and later stages of GT
development through UPE induction and epithelium-mesenchymal interaction.
FOXO1 is one of the mammalian forkhead subclass O (Foxo) families of transcriptional
factors. We find Foxo1 expression in the mesenchyme of GT. These factors are major
substrates of the protein kinase Akt. In the presence of insulin and growth factors, FOXO
proteins are relocalized from the nucleus to the cytoplasm and degraded via the
ubiquitin–proteasome pathway. Inactivation of FOXO proteins perturbs the critical balance
between cell proliferation and death and contributes to tumorigenesis by promoting cell
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growth and cell survival. FOXO1 is one of corepressor factors of the AR, some studies are
indicating also an activating function (Qiuping Ma et al., 2009). The most important
common mechanism of silencing includes the function of a co-repressor complex. These
multi-protein complexs bind to nuclear receptors in the absence of ligand or in the
presence of an antagonistic ligand via NCoR or SMRT component. Components of these
complexes include histone deacetylases, which can deacetylate histones and other
proteins. In addition to histone deacetylases, phosphatases and methyltransferases are
involved in regulation of transcription silencing. Foxo1 is expressed in the four stages of
the GT epithelium, so it probably acts through epithelium-mesenchymal interaction during
the GT development.
AATF was first identified as a protein interaction partner of Dlk/ZIP kinase. It’s specific
structures have been implicated in transcription and the regulation of apoptosis. AATF was
shown to interfere with Dlk-induced apoptosis, thus explaining its name. AATF belongs to
co-activators that regulate steroid-receptor-mediated transcription. According to our
present results we find AATF is weakly expressed in the early stages of the mesenchyme
of GT and it is also weakly expressed in the early stages of GT epithelium. But it has a
strong expression in the epithelium and mesenchyme of later stages. The expression of
AATF in both epithelium and mesenchyme of later stages also suggest a role in the
interaction of these tissues.
PIAS1 can either positively or negatively affect the transcription by the AR. Our result
shows PIAS1 expression only in the later stage of the GT epithelium. PIAS proteins can
bind to the AR DBD (Tan J et al., 2000). Androgen receptor-interacting protein 3 (ARIP3)1
(Moilanen et al., 1999) belongs to the PIAS family of proteins,PIAS1 can directly interact as
co-activator or co-repressor with the AR. P160 proteins are well characterized in this
regard. P160 proteins contain a central nuclear receptor interaction domain composed of
three LxxLL motifs that can directly interact with the co-factor-binding groove in the LBD of
nuclear receptor. These results come from in-vitro studies. Our results suggest that PIAS1
can act during the late stage through epithelium-mesenchymal interaction.
Actinin-2 belongs to the spectrin gene family. Actinin-2 is localized to muscle and
non-muscle cells, including skeletal, cardiac and smooth muscle cells, as well as within the
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cytoskeleton. In our study we found actinin-2 totally is not expressed in the four stages of
the developing GT. It is only expressed in the muscles tissue. Although yeast two hybrid
screening has indicated an interaction, this may also result from the non-physiogical
conditions. From out result we can consider that actinin-2 has no function during GT
development.
Our results showed for the first time that AR coregulators (RACK1, CapG, FOXO1, PIAS1
and AATF/Che-1) are variably expressed in the developing mouse embryos GT. Actinin-2
is not expressed in the developing GT. This indicates that not all AR regulators which are
found by screening under nonphysiological condition have a role during the GT developing.
RACK1, PIAS, FOXO1, CapG and AATF/Che-1 play an important role in the developing
embryos GTs. We also describe the expression localization of AR coregulators and the
possible mechanism of their function.
GT development is a complicated process and requires precise regulation. AR and AR
coregulators are involved to this process. The high incidence of genital malformation
indicated that this process is easily disrupted and led to abnormal GT development.
Human embryos generally show morphological similarities with the mouse, albeit with
slight morphological variations such as the tail length and distal GT regions. It is known that
AR abnormalities causing complete or partial androgen insensitivity are among the most
frequent causes of male sexual ambiguity. Depending on the severity of the defect the
clinical symptoms span a wide spectrum from a female phenotype to male patients with
infertility. The cardinal clinical symptoms of patients with partial androgen insensitivity are
hypospadias which are frequently associated with small phallus, undescended testis and a
bifid scrotum. There are also many patients just diagnosed as hypospadias. AR mutations
are an important cause of hypospadias (Hiort O and Holterhus PM, 2000). From our results
we can conclude that AR coregulators make an important contribution to the normal and
abnormal genital tubercle development. Further research should be done to elucidate the
role of AR coregulators in hypospadias. A systematic analysis of the expression patterns of
AR coregulators in genital target tissues may be an interesting option to untangle the
underlying mechanism of reduced androgen responsiveness in these individuals
(Bebermeier J H et al,. 2006). We suggest studying the AR coregulators in hypospadias
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tissue samples. It would also be of great interest to build AR coregulators gene knock-out
mouse models to investigate their precise role in the development of the GT.
In-situ-hybridization studies of AR coregulators would be useful to investigate the
transcription pattern of the coregulators genes. One limitation of our project is that we only
describe the pattern of a male mouse development. The pattern of female GT development
remains unknown. A comprehensive description of AR coregulators in genital development
must be based on a debated companion study in both sexes.
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5. Summary

Androgens, acting through the androgen receptor, are responsible for the development of
the male phenotype during embryogenesis. Moreover, aberrant androgen action plays a
critical role in multiple pathologies including the androgen insensitivity syndromes. The
activation of the androgen receptor transcriptional complex requires the functional and
structural interaction of the androgen receptor with its coregulators. Over the past several
decades, efforts have been made towards understanding the development of the genital
tubercle. Many studies have been done analyzing the cellular functions of androgen
receptor and its coregulators. However, the role of androgen receptor coregulators in
genital development is still unknown. In our project, we investigated the expression of
androgen receptor, five different androgen receptor coregulators (RACK1, FOXO1, PIAS1,
AATF/Che-1 and Actinin-2) and the putative androgen receptor coregulator CapG during
different developmental stages in genital tubercles of male mouse embryos. These five
androgen receptor coregulators and one putative coregulator have been previously
identified in our laboratory by a yeast two hybrid screen. We used mouse embryos of the
developmental stages E15, E16, E17 and E18. Male embryos were selected by Ychromosome specific PCR. We detected the proteins in the genital tubercle tissue by
immunohistochemical staining. Our study confirmed the localization and the time window
of androgen receptor expression in the developing genital tubercle of mouse embryos. Our
results show for the first time that RACK1, FOXO1, PIAS1, AATF/Che-1 are variably
expressed in the mesenchyme of the developing genital tubercle and during some stages
of development also in the genital tubercle epithelium. They might play an important role in
the embryonic development of the genital tubercle. CapG is strongly expressed in the
epithelium of the genital tubercle. It might function in epithelial-mesenchymal interactions
and could be important for genital tubercle development.
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