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CHAPTER 1

GENERAL INTRODUCTION



1.1 Action of androgens

Testosterone and dihydrotestosterone, the principal androgenic hormones, possess
masculinizing activities. During fetal life, testosterone mediates the virilization of the
Wolffian ducts into the epididymides, vasa deferens, and seminal vesicles. The
development of the urogenital sinus into prostate, urethra, and external genitalia, as well
as the growth and maintenance of the male reproductive tract tissues, require the
conversion of testosterone into dihydrotestosterone by the enzyme Sa-reductase (Griffin
and Wilson, 1989). The different roles for testosterone and dihydrotestosterone in male
sexual differentiation have been substantiated by studies in males with Sa-reductase
deficiency. The wolffian duct structures in these individuals are developed normaily, but
the external genitalia are masculinized incompletely (Imperato-McGinley et al, 1974). It
is not certain whether spermatogenesis requires the conversion of testosterone into
dihydrotestosterone. Spermatogenesis is profoundly impaired or absent in males with Sa-
reductase deficiency, but the spermatogenic arrest might either be due to a deficiency of
dihydrotestosterone formation in the testis or to a testicular maldescent in these persons
{Griffin and Wilson, 1989).

Androgens belong to the group of steroid hormones. Testosterone, which is the
major circulating androgen, is synthesized from cholesterol in the Leydig cells of the
testis and secreted into the blood. The production of testosterone is stimulated by
Iuteinizing hormone (LH), which is produced by the pitnitary gland. The release of LH is
under control of the hypothalamus through luteinizing hormone-releasing hormone, and
inhibited by testosterone via a negative feedback mechanism (Schwartz and McCormack,
1972).

Approximately 98% of circulating testosterone is bound to plasma proteins such as
albumin and sex hormone-binding globulin (Westphal, 1978). Free testosterone is
thought to enter androgen target cells via diffusion across the cell membrane, and is
transported through the cytoplasm to the nudeus by means of a still not identified
mechanism. The conversion of testostercne into dihydrotestosterone possibly occurs in
the nuclear membrane (Houston et al., 1985).

Testosterone and dihydrotestosterone exert their androgenic effects by interacting
with the same nuclear receptor protein (Liao et al, 1973; Grino et al, 1990). The

androgen receptor is present most prominent in the male sexual organs but is also found



in a variety of other tissues in males and females (Liac, 1975; Takeda et al., 1990). When
occupied by the appropriate ligand, the androgen receptor becomes a transacting factor,
that regulates the transcription of specific genes (Paragraph 1.2).

The final proof for the indispensable role of the androgen receptor in androgen
action has come from studies in individuals with the X-linked syndrome of androgen
insensitivity. This syndrome is caused by mutations that lead to decreased androgen
receptor levels or to qualitative defects in the receptor protein (Paragraph 1.4), or even
to the absence of the receptor geme (Trifiro et al, 1991). Defects in the androgen
receptor appear to be relatively common in comparison with defects in other steroid
hormone receptors, which might be due to the fact that defects in the androgen receptor
are not lethal. Furthermore, mutations in this X-encoded gene can be inberited through
the mother and affect males, which are hemizygous for the X chromosome. The
phenotypic expression in humans ranges from partial androgen insensitivity, in which
46,XY individuals are phenotypic males but infertile, to the complete syndrome, in which
the phenotype of 46,XY individuals is female, but with undescended testis (Griffin and
Wilson, 1989).

In agreement with the important role of androgens in the development and
function of the normal prostate, androgens are thought to be involved in the growth of
prostate fumors. Carcinoma of the prostate is, second to lung carcinoma, the most
common cancer in men. Many forms of prostate cancer are initially androgen-dependent
(Blackard et al, 1973; Menon and Walsh, 1979), and in most patients prostate tumor
growth can be arrested by removal of the major source of circulating androgens, by
castration in the early siages of the disease. However, this response is often transient. In
a later stage, prostatic tamors, subjected to androgen ablation therapy, generally become
androgen-independent. The etiology of prostate cancer and the mechanism underlying
the tramsition from androgen-dependent to androgen-independent tumor growth are
largely unknown. Recently it has been suggested that complete or partial down-
regulation of the androgen receptor is involved in progression from an androgen-sensitive
to an androgen-insensitive state (Quarmby et al., 1990; Tilley et al, 1990a). Alternatively,
qualitative defects in the androgen receptor, as observed in the human LNCaP (Lymph
Node Carcinoma of the Prostate) cell line (Veldscholte et al,, 1990), or defects at the
level of transcription control (Darbre and King, 1987) may lead to altered steroid



sensitivity of tamor cells. Elucidation of such defects will require a detailed knowledge of
androgen receptor structure and function.

1.2 Role of steroid receptors in stersid hormone action

Steroid hormone receptors, which include androgen, progesterone, estrogen,
glucocorticoid, and mineralocorticoid receptors, act as intracellular transducers of the
hormonal signal. Androgen, progesteronme, and estrogen receptors are present in the
nuclei of target cells, irrespective of the presence of the corresponding hormone
(Welshons et al.,, 1984; Perrot-Applanat et al, 1985; Husmann et al.,, 1990). In contrast,
the unliganded glucocorticoid receptor is localized mainly in the cytoplasm and does
undergo a ligand-induced translocation from the cytoplasm into the nucleus (Picard and
Yamamoto, 1987; Wikstrém et al, 1987). It has been suggested that differences in
subceilular localization between the unliganded glucocorticoid receptor and other steroid
receptors reflect kinetic differences in receptor cycling into and out of the nucleus. For
the glucocorticeid receptor, the rate-limiting steps might reside in the cytoplasmic part of
the cycle (Pratt et al., 1989).

There are indications that newly synthesized steroid receptors must undergo an
activation process in order to acquire hormone-binding activity. Phosphorylation might
have an important role in steroid receptor activation (Paragraph 1.5}, but a 90 kDa heat
shock protein may be involved in the activation process as well (see below).

Ligand-binding results in alteration of properties of the receptor protein, termed
“transformation” (Jemsen et al., 1968). Transformation is characterized by exposition of
the DNA-binding domain of the receptor molecule, which is masked in the unliganded
receptor. The transformed hormone-receptor complex is able to interact specifically with
defined DNA sequences, the hormone responsive elements. These cis-acting, enhancer-
like, regulatory sequences are located in flanking regions of target gemes and are
responsible for hormonal regulation of the target genes (Renkawitz et al,, 1584; Karin et
al., 1984). Steroid receptors bind to hormone responsive elements as dimers (Kumar and
Chambon, 1988; Tsai et al., 1988) and form a transcription initiation complex with other
transcription factors at the target gene promoter (Klein-Hitpass et al, 1990). This



ultimately leads to modulation of gene transcription, and subsequently in modification of
cell function (Evans, 1988; Beato, 1989) (Figure 1.1).

cytoplasm
Va—V \
\ nucleus
de novo
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transcription
1\1' start site
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Figure 1.1. Schematic diagram of events involved in the acquisition of tramscription
regulatory activity of steroid receptors. {1}, association of newly synthesized receptors

with non-receptor proteins; (2), muclear translocation; (3), receptor activation; (4),
receptor transformation.,

v, steroid; NP, different non-receptor proteins; R, steroid receptor; Ri, transformed
receptor; HRE, hormone responsive elements; TF, different transcription factors.

The cascade of events that finally results in acquisition of transcription regulating
activity of the receptor proteins is only partially understood. As will be discussed in

Paragraph 1.5, phosphorylation of steroid hormone receptors may be part of the cascade.
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Non-teceptor proteins most likely also have a role in the regulation of steroid receptor
activity. In this respect, the function of a 90 kDa heat shock protein (hsp90) has been
studied extensively. This protein is thought to be associated with unliganded stercid
receptors in imtact cells (Denis and Gustafsson, 1989). It has been proposed that hspSC
establishes or stabilizes the conformation of the hormone-binding domain of the receptor
protein (Picard et al,, 1990}, and inactivates other functional domains of the unliganded
steroid receptor (Dalman et al, 1990; Picard et 21, 1990). Hsp90 might also actively
unfold the receptor protein upon hormone binding. This function of hspSC would match
the function of a 70 kDa heat shock protein, which prevents the folding of newly
synthesized proteins to facilitate their intraceliular transport across mernbranes (Chirico
et al, 1988; Deshaies et al, 1988). The observation that hsp90 and the unoccupied
glucocorticoid receptor colocalize with microtubuli in intact cells led to the suggestion
that hsp90 might be iovolved inm transferring steroid receptors across the nuclear
membrane via an association with microtubuli (Pratt et al., 1989).

It is still not clear what happens to the receptor proteins after they have exerted
their biological effects. It has been proposed that chromatin-bound, biclogically active
receptors are recycled to their unliganded forms (Rossini, 1984; Orti et al.,, 1989a). The
recycling may involve reassociation with non-receptor proteins and alterations in receptor
phosphorylation. However, the relatively short half-ives of androgen and estradiol
receptors (2-4 h), may argue against a need for receptor recycling (Nardulli and
Katzenellenbogen, 1586; van Laar et al.,, 1991).

1.3 Structure of steroid receptors

Although steroid hormones and vitamin D are neither structurally nor biosynthetically
related to thyroid hormones and retinoid acid, the specific receptor proteins of all these
ligands belong to the same superfamily of functionally and structurally related proteins
(Figure 1.2) that most likely descend from a common ancestral gene. The members of
the superfamily are ligand-responsive, nuclear tramscription factors. At the protein
structural level, all these receptors are organized in discrete functional domains (Evans,
1988). The central domain is very conserved and is directly involved in DNA-binding.

Screening for genes containing regions homologous to the DNA-binding domains of the
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receptor proteins resulted in the identification of more members of the family with
koown ligands, and also in the finding of unknown genes. These family members are
called "orphan receptors” since their ligands are unknown (Evans, 1988).

The DNA-binding domain is rich in basic amino acids and conserved cysteine

residues. The positioning of the cysteine residues suggests that they form two "finger”

DNA Hormone

AR | 100 100 910
PR | 79 54 Jo33
MR | 76| | 51 |os4
GR | 76 50 795

ER | Bl 15 595

VDR 44 21 427

RAR 44 15 432

TR 40 15 |ase

Figure 1.2. Schematic amin¢ acid comparison between the hormone- and DNA-binding
domains of the androgen receptor and those of various other members of the
superfamily of ligand-responsive transcription factors. Amine acid sequences have been
aligned according to the functional domain structure of the receptor proteins. The
percentage amino zacid identity of each receptor with the androgen receptor is indicated
inside the DNA-binding domain ("DNA"), and hormone-binding domain ("Hormone").
The mumbers outside the boxes refer to the total number of amino acid residues of each
receptor protein.

AR, androgen receptor; PR, progesterone receptor; MR, mineralocorticoid recepior; GR,
glucocorticoid receptor; ER, estrogen receptor; VDR, vitamin D receptor; RAR, retinoic
acid receptor; TR thyroid hormone receptor.

motifs, which are likely to be stabilized by zinc, analogous to the DNA-binding elements
in Xenopus transcription factor TFIIIA (Miller et al., 1985). The first zinc finger binds

the hormone responsive elements {Green et al.,, 1988). It has been shown that only three
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amiro acids within this finger motif are responsible for the specific recognition of the
hormone responsive elements. Since these amino acids are identical in androgen,
progesierone, glucocorticoid, and mineralocorticoid receptors, these recepter proteins can
act via the same hormone responsive elements (Ham et al., 1988; Mader et al,, 1989). It
has been suggested that the second zinc finger is involved in protein-protein interactions
within the receptor dimer or in the interaction with other proteins of the transcription
machinery (Héard et al, 1990). The ligand-binding domain is located at the C-terminal
half of the molecule, relatively well conserved, and rich in hydrophobic amino acids. In
contrast, the N-terminal domain is hypervariable in size and amino acid composition.
This domain has been shown to be the most immunogenic domain of steroid receptors
(Okret et al.,, 1984; Vu Hal et al, 1989), and is indispensable for transcription regulation
(Hollenberg et al,, 1987; Kumar et al, 1987). It has been shown that the hinge region,
which separates the DNA-binding and steroid-binding domains, exhibits a transactivation
function as well (Hollenberg and Evans, 1988; Dobson et al., 1989).

Amino acld sequences, involved in other aspects of receptor function, are less well
characterized. Two sequemces, that mediate hormone-dependent nuclear localization
bave been detected within the rat glucocorticoid receptor. One of the nuclear transfer
signals contains a short region of homology with the nuclear translocation signal of
SV40-large T antigen and has been localized immediately adjacent to the C-terminal zinc
finger of the glucocerticoid receptor. A second nuclear transfer signal may be located in
the carboxy-terminal half, overlapping the steroid-binding domain (Picard and
Yamamoto, 1987). The amino acid sequence that appears to be responsible for the
interaction with hsp90 resides in the same region of the receptor molecule (Howard et
al., 1990). The estradiol receptor exhibits a weak constitutive dimerization function
within the DNA-binding domain and a strong dimerization function within the ligand-

binding domain. The latter was shown to be hormone-dependent (Kumar and Chambon,
1988; Fawell et al,, 1990),

1.4 Structure of the androgen receptor

The androgen receptor gene has been localized on the X chromosome (Migeon et al.,

1981; Brown et al., 1985). The protein-encoding part of the gene is distributed over §



exons, The first exon encodes the N-terminal domain. The DNA-binding domain is
encoded by two exons, each coding for one putative zinc-finger (Paragraph 1.3). One
exon encodes the hinge region and the 5-end of the steroid-binding domain, while 4
exons code for the remaining part of the steroid-binding domain and the untranslated 3'-
region {Kuiper et al, 1989, Lubahn et al., 1989). The promoters of the human- (Tilley et
al, 1990b) and rat androgen receptor genes (Baarends et al,, 1990) have been identified
and were shown 1o be located at approximately 1.1 kilobases upstream of the translation
start codon of the androgen receptor protein.

The open reading frame of the human androgen receptor cDNA encodes a protein
of 910 - 919 amino acids with a calculated molecular mass of approximately 99 kDa
(Chang et al, 1988ab; Lubahn et al, 1988ab; Trapman et al, 1988; Faber et al, 198%;
Liac et al, 1989). The rat and mouse androgen receptors are somewhat smaller and are
composed of 902 (Chang et al, 1988ab; Tan et al, 1988) and 899 residues (He et al,
1990), respectively.

There is comsiderable sequence homology between androgen receptors and
glucocorticoid, progesterone, and mineralocorticoid receptors, within the steroid-binding
and DNA-binding domains (Figure 1.2} (Hollenberg et al., 1985; Miesfeld et al., 1986;
Arriza et al., 1987; Misrahi et al., 1987; Trapman et al,, 1988). The N-terminal region of
the androgen receptor shows the presence of several homopolymeric amine acid
stretches. The human androgen receptor contains a stretch of 16-27 glycine residues, a
stretch of 17-25 glutamine residues, as well as several smaller stretches of homopolymeric
amino acid sequences (Chang et al, 1988b; Lubahn et al, 1988b; Faber et al., 1989;
Young et al, 1990). Amino acid repeats are also present within the N-terminal domains
of the chicken progesterone receptor (Conneely et al, 1987), rat, mouse, and human
estrogen receptors (Greene et al, 1686; Koike et al, 1987; White et al, 1987), rat
glucocorticold receptor (Miesfeld et al., 1986), and in several other proteins (Davies et
al,, 1982; Grima et al, 1985; Poole et zl., 1985; Wharton et al., 1985).

Another characteristic of the androgen receptor N-terminal domain is the relatively
high content of acidic amino acids, resulting in a net negative charge of this domain at
physiological pH. In two yeast factors, highly acidic regions are directly involved In
transactivation of transeription (Ma and Prashne, 1987; Hope et al., 1688), but it remains
to be shown whether the acidic region of the human androgen receptor has a similar
function.



Naturally gecurring mutaticons in the androgen receptor gene, causing complete, or
partial insensitivity to androgens, offer the opportunity to identify functionally important
amino acid sequences in the receptor protein. Several point mutations or small deletions
within the androgen receptor steroid-binding demain have been correlated with impaired
hormone binding activity (Lubahn et al., 1989; Govindan, 1990; Ris-Stalpers et al., 1990;
Sai et al., 1990). A point mutation within the steroid-binding domain of the androgen
receptor from the human INCaP (Lymph Node Carcinoma of the Prostate) cell line,
changing a threcnine residue into an alanine residue, has been shown to be responsible
for an unusual broad binding specificity of this receptor protein towards steroid
hormones (Veldscholte et al, 1990). The analysis of androgen receptors from persons
with (partial) androgen insensitivity but with normal androgen-binding characteristics
might reveal amino acid sequences involved in other androgen receptor characteristics,

such as DNA-binding or transcription activation.

1.5 Phosphorylation of steroid receptors

Phosphorylation of receptors plays a key role in the mechanism of action of growth
factors (e.g. EGF, insulin, IGF-I, and PDGF). The action of growth factors is initiated by
the binding to specific transmembrane receptor proteins, which are composed of a large
extracellular ligand-binding domain, z hydrophobic transmembrane region and a
cytoplasmic domain that possesses tyrosine kinase activity. Ligand-binding results in
autophosphorylation of the receptors on tyrosine residues. This, in turn, facilitates the
phosphorylation of cellular substrates by the tyrosine kinase activity of the receptor. The
substrates identified thus far include proto-oncogene products, or factors that regulate
the activity of proto-oncogene products, and components of second messenger pathways,
such as phospholipase C. Phosphorylation of phospholipase C ultimately results in
release of Ca®* from intracellular compartments and gemeration of diacylglycerol, the
activator of protein kinase C. It is assumed that the internal stimulus for cell growth is
provided by phosphorylation of cellular substrates on tyrosine by receptor and non-
receptor tyrosing kinases, on serine/threomine by protein kinase C and by other

serine/threonine kinases, together with alterations in the ionic content of the cell
{Ullrich and Schlessinger, 1990).
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In contrast to the plasma membrane receptors, described above, steroid receptors
do not possess intrinsic protein kimase activity. The fact, however, that progestercne,
glucocorticoid, and estradiol receptors exist as phosphoproteins in intact cells may imply
a role for receptor phosphorylation in steroid hormone action as well (Housley and Pratt,
1983; Dougherty et al, 1984; Migliaccio et al, 1986; Sheridan et al., 1988). In addition,
the vitamin D, and thyroid hormone receptors are phosphorylated {(Goldberg et al., 1988;
Brown and DeLuca, 1990). It has been shown that phosphorylation is indispensable for
the acquisition of ligand-binding activity (receptor activation) of the estradiol receptor
{Migliaccio et al., 1989), and indirect evidence has been provided for a similar role of
phosphorylation in ligand-binding of various other steroid receptors (Nielsen et al, 1977;
Rossini and Eiao, 1982; Puri et al, 1984; Golsteyn et al, 1989; Dayani et al, 1990).
Interestingly, a very different stercid-binding protein, the pregnenolone-binding protein,
also has been shown to require phosphorylation in order to bind pregnenclone (Driscoll
et al,, 1990).

Following hormone administration to target cells, steroid receptor proteins and the
vitamin D receptor undergo additional phosphorylation (Auricchio et al., 1987; Sheridan
et al, 1988; Sullivan et al, 1988; Hoeck et al, 1989; Orti et al., 1989b; Brown and
Deluca, 1990). The increase of receptor phosphorylation by agomists lends further
support to the idea that phosphorylation is involved in steroid receptor function.

A small population of nuclear, ligand-bound glucocorticoid receptors have been
shown to undergo a partial dephosphorylation (Orii et al, 1989b). Dephosphorylation
was associated with a very tight binding of the receptor proteins in the nucleus. The
physiological role of the dephosphorylated receptors is still not known. Phosphorylation/
dephosphorylation might also provide a mechanism to turn on and off receptor functions
at a high rate (Orti et al., 1989a).

1.6 Phosphorylation of the androgen receptor

Loss of androgen-binding activity in rat ventral prostate homogenates has been observed
when the cells were ATP-depleted before homogenization. The binding activity could be
regained by an energy-dependent process (Rossini and Liao, 1982). In addition, in cell-

free systems, inhibition of endogenous phosphatase activity was correlated with increased
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hormone-binding activity of the androgen receptor (Golsteyn et al., 1989). These results,
which have also been obtained in similar experiments with other steroid hormone
receptors (Paragraph 1.5), suggested a role for androgen receptor phospborylation in the
acquisition of hormone binding activity. The target for phosphorylation, however, could
not be identified by this type of experiments; the putative phosphorylation might either
involve the receptor protein itself, or some unidentified cofactor that may be required for
steroid binding.

Using anti-phosphotyrosine antbodies, androgen-binding activity could be
precipitated from nuclear extracts of androgen-treated rat vemtral prostate cells,
suggesting that the transformed amdrogen receptor is phosphorylated on tyrosine
(Golsteyn et al., 1990). The precipitated protein had a molecular mass of 35 kDa, and
was suggested to represent a receptor fragment. However, direct evidence has not been
provided for this supposition, and it cannot be exciuded that the 35 kDa protein Is not
relzted to the androger receptor. In addition, the putative androgen receptor fragment
might have been coprecipitated with a receptor-associated phosphotyrosine protein.

In 1984, Goueli et al. reported phosphorylation of purified androgen receptor from
rat ventral prostate by a cAMP-dependent protein kinase. In this study, no direct
evidence was provided that the purified phosphoprotein represented the androgen
receptor. The phosphoprotein migrated on SDS-PAGE with an apparent molecular mass
of 87 kDa, which deviates from the apparent molecular mass of approximately 110 kDa
reported for the rat, calf, and buman androgen receptor {Brinkmanm et al, 1985;
Brinkmann et al, 1989; van Laar et al, 1989). It cannot be excluded that the purified
protein represents the receptor-associated 90 kDa heat shock protein (Paragraph 1.2)
since this protein is known to be highly phosphorylated {Dougherty et al., 1984; Sanchez
et al., 1985).

1.7 Scope of this thesis

The aim of the study described in this thesis was to determine whether the androgen
receptor is a phosphoprotein, resembling in this respect the other members of the
steroid/vitamin D/thyroid hormone receptor family. Furthermore, it was investigated

whether the androgen receptor undergoes a hormone-dependent phosphorylation.
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For all studies described in this thesis, the human INCaP (Lymp Node Carcinoma
of the Prostate} cell line was used. The androgen receptor in these cells was
characterized with respect to molecular mass and ligand-binding properties (Chapter 3).
The characterization of androgen receptor-specific polyclonal antibodies, which are
useful tools for the phosphorylation studies, is described in Chapter 4. Studies on
androgen receptor phosphorylation are presented in the Chapters 5 and 6. In addition to
polycional antibodies, an androgen receptor-specific moneclonal antibody has been used
for these studies. The preparation of the moncclonal antibody has been described briefly
in Chapter 5. A detailed description of the generation and characterization of this
antibody has been presented elsewhere (Zegers et al., 1991).
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CHAPTER 2

NEW TECHNIQUES FOR BIOCHEMICAL ANALYSIS OF THE ANDROGEN
RECEPTOR

2]



2.1 In situ photoaffinity labeling

In most studies described in this thesis, 178-hydroxy-17c«-[*H}methyl-4,9,11-estratrien-3-
one (PHJR1881) has been used. R1881 is a highly conjugated synthetic androgen that
can be attached covalently to the androgen receptor by photoactivation (Brinkmann et
al., 1985). This steroid has an even higher afficity for the androgen receptor than
dihydrotestosterone (Bomne and Raynaud, 1975). R1881 has also been used for studies
that did not require the covalent attachment of androgen to the androgem receptor.
The reason for this was that, unlike testosterone and dihydrotestosterone, R1881 cannot
be metabolized (Bonne and Raynaud, 1976). Hence, cells can be exposed for proionged
times to constant levels of R1881, which offers the opportunity for time-course studies on
the response of the androgen receptor to R1881 (Chapters 5 and 6).

Up to a few years ago, only 2 limited number of analytical techniques were
available for biochemical analysis of the androgen receptor. These techmiques, inclading
sucrose density gradient centrifugation and gel filtration, were based on the noncovalent
binding of tritiated ligands to the receptor protein. The usefulness of these methods for
detailed structural and functional analysis is limited, the more so because the androgen
receptor protein is very unstable under cell-free conditions. Moreover, the receptor
concentration in androgen target tissues is exceedingly low, viz. approximately 0.001% of
total cellular protein.

With the development of a photoaffinity labeling procedure, it became possible to
analyse the androgen receptor under protein denaturing conditions, e.g. on SDS-
polyacrylamide gels (Brinkmann et al, 1985). However, this technique requires partial
receptor purification prior to photoactivation. In Chapter 3, the development and
application has been described of an in situ photoaffinity labeling procedure. This
technique can be used to study the androgen receptor in intact cells under different
hormonal conditions (Chapters 5 and 6). Since the covalent labeling of androgen
Teceptors occurs in the intact cells, rather than in partially purified receptor preparations,
this technique largely avoids in vitro incubations of cell-free preparations, which can
involve proteolytic degradation.
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2.2 Androgen receptor-specific antibodies

Major difficulties experienced in attempts to purify the androgen receptor protein in
substantial amoumnts for immunization have hampered the development of specific
antibodies. Following the elucidation of the nucleotide and amino acid sequence of the
androgen receptor, however, androgen receptor-specific polyclonal and monoclonal
antibodies could be generated without the necessity of receptor purification (Chapters 4
and 5; Zegers et al,, 1991).

The antibodies appeared to be effective agents for immunoblotting and for
isolation of andregen receptor from cell lysates and subcellular fractions. These
techniques were used to isolate specifically [**Plorthophosphate-labeled androgen
receptor and to study the kinetics of androgen receptor phosphorylation (Chapter 6).
Using these techniques, the unliganded androgen receptor can also be studied, which was
not possible up to now.

Because it has been shown that the N-terminal domain is the most immunogenic
part of steroid hormone receptors (Westphal et al.,, 1982; Lorenzo et al., 1988), regions
within this domain were initially used to develop androgen receptor-specific antibodies.
However, detailed functional and structural analysis of the androgen receptor, e.g.
identification of amino acid sequences involved in the association with heat shock
proteins, muclear translocatiom, dimerization, and association with other transcription
factors, might also require antibodies directed against various other regions of the
androgen receptor. Antibodies that recognize different regions of the receptor molecule

may help to identify the exact sites of phosphoryiation.

2.3 Determination of the relative phosphate content of the androgen receptor

Determination of the relative phosphate content of androgen receptors under different
hormonal conditions required the normalization of incorporated [**Plorthophosphate in
relation to the receptor protein concentration (Chapter 6). To this end, a procedure has
been developed to estimate the relative receptor protein concentration and phosphate
incorporation simuitaneously. This method has been described in detail in the paragraph

"Measurement of receptor-specific phosphate levels" of the "Experimental Procedures”
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section of Chapter 6. Briefly, immunopurified androgen receptor, labeled metabolically
with [*PJorthophosphate, was analysed on SDS-polyacrylamide gels and transferred to a
nitrocellulose filter. The filter was incubated successively with an androgen receptor-
specific polyclonal antiseraum, with [““I}-protein A, and with alkaline phosphatase-
conjugated goat-anti-rabbit IgG. Each lane was cut in 2 mm slices, and the slices were
dissolved and counted for both P and 1 radioactivities. The amount of each isotope,
associated with the androgen receptor, was determined after subtraction of the
background.

In the experimen: presented in Figure 2.1, the suitability of the procedure, using
protein A to determine the relative androgen receptor levels, has been tested. In this
experiment, different amounts of immunoprecipitated, unlabeled androgen receptor were
subjected to SDS-PAGE and Western blot analysis, using “I-protein A. The amounts of
androgen Teceptor that were used (approximately 225-1125 fmol androgen receptor,
based on ligand-binding studies}, represented the receptor levels in the experiments for

which the technique has been developed. It is shown that the amount of ®I-radiocactivity,
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Figure 2.1. Relationship between the amount of “I-radioactivity, associated with the
androgen receptor on the Western blot, and the amount of androgen receptor initially
applied to the SDS-gel. The androgen receptor was isolated from LNCaP ceil lysates,
using an andogen receptor-specific monoclonal antibody, and solubilized in SDS-sample
buffer as described in the "Experimental Procedures” section of Chapter 6. Different
volumes of the receptor solution, containing 225-1125 fmoles androgen receptor, were
subjected to SDS-PAGE and Western blot analysis, using a specific androgen receptor
antiserum and Pl-protein A, respectively. The amount of '*I radioactivity associated
with the androger receptor protein bands was determined as described above.
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associated with the androgen receptor on the Western blot, was directly proportional to
the amount of receptor protein inftially applied to the SDS-polyacrylamide gel. Hence,
this procedure can be used to determine the relative receptor levels in different samples
within one experiment. It is not possible, however, to quantify the absolute amount of
receptor protein on the Western blot, because neither the specific activity of “*I-protein
A, nor the affinity of I-protein A for the rabbit polyclonal antiserum and the affinity of
the polyclonal antiserum for the androgen receptor, are known.

Figure 2.2 illustrates the typical patterns of *P and I radioactivities, obtained
when *P-labeled androgen receptor was subjected to SDS-PAGE and Western blot
analysis using ®L-protein A. The *P and ™I radioactivities colocalize on the Western
blot at the position of the 110 kDa androgen receptor (Chapter 3). In similar
experiments, described in Chapter 6, the total amount of each isotope, associated with
the androgen receptor, has heen obtained by adding up the amount of radicactivity in
the individual slices (slice numbers 9-11 in this particular experiment), after subtraction
of the background.
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Figure 2.2. Profiles of P and ™I radioactivities, associated with *P-labeled androgen
receptor after SDS-PAGE and Western blot analysis, using ®I-protein A. LNCaP cells
were cultured in the presence of [*’Plorthophosphate. The androgen receptor was
isolated from total cell lysates with an androgen receptor-specific antibody and subjected
te SDS-PAGE and Western blot analysis (Chapter 6). The nitrocellulose filter was cut
into 2mm slices, and radioactivity was counted in the individual slices,
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Susnmary

The androgen receptor in human prostate carcinoma ¢ells (LINCaP) has been studied after in situ
photolabeling with [*HJR1881. Sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
analysis of whole cell extracts revealed the presence of two specifically labeled proteins of 110 kDa and 43
kDa. Both photolabeled proteins were stable in cell homogenates and generated different chymotrvptic
maps. suggesting that the two proteins were different. From ligand binding specificity studies could be
concluded that the 110 kPa protein represents the androgen receptor, The 43 kDa protein showed binding
specificity only for R1881. Both photolabeled proteins were recovered from LNCaP nuclei, but the 43 kDa
protein showed a relatively higher affinity for nuclel than the 110 kDa protein, The function of this protein
is unknown. It is concluded that the human androgen receptor is a protein with a molecular mass of 110

kDa.

Introduction

Steroid hormone action in target tissues is
mediated by specific intracellular receptor pro-
teins. Upon ligand binding the receptor protein
interacts in a specific way with hormone-regu-
latory elements which ultimately results in the
regulation of transcription of specific genes
(Kandala et al., 1985; Zhang et al.. 1985: Montpett
et al., 19867 Salzman et al., 1987).

The androgen receptor remains the least well-
characterized steroid receptor due to its consider-
able lower tissue concentration. its extreme labil-
ity and susceptibility to proteolytic breakdown.
Recently. cloning and sequence analysis of cDNAs

Address for correspondence; Dr. J.H. van Laar. Depart-
ment of Biochemisiry I1. Erasmus University Rotterdam. P.O.
Box 1738, 3000 DR Rotterdam, The Netherlands.

which partially encode the human androgen recep-
tor were reported {Chang et al., 1988; Lubahn et
al., 1988; Trapman et al., 1988). The exact size of
the human androgen receptor, however, is still not
known. The purpose of the present investigation
was to determine the molecular mass of the he-
man androgen receptor with the in situ photoaf-
finity labeling procedure {Horwitz and Alexander,
1983). This technique avoids in vitro incubation
and isolation artefacts as much as possible. The
previously established human LNCaP (lymph node
carcinoma of the prostate) cell line was used for
this study because this cell line contains androgen
receptors and is responsive 10 androgens with
respect 10 growth and specific protein synthesis
(Horoszewicz et al., 1983; Berns et al., 1986). We
provide evidence that the human androgen recep-
tor is a protein with a molecular mass of 110 kDa
when analyzed by sodium dodecylsuifate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Fur-

0303-7207 /89,7303.50 © 1989 Elsevier Scientilic Publishers Ireland, Lid.
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thermore, the LNCaP cell line contains a 43 kDa
R1881 binding protein that is present in nuclei
This protein is most likely not a proteolytic deg-
radation product of the androgen receptor. The
function of this protein is unknown.

Materials and methods

Materials

[PH]178-Hydroxy-17a-methyl-estra-4,9,11-trien-
3-one ((PHJR1881. spec. act. 87 Ci/mmol) and
radioinert R1881 were purchased from NEN-
Dupont, Dreieich, F.R.G. Nonradioactive tri-
amcinolone acetonide (Sa-fluoro-118.16e,17.21-
tetrahydroxy-1.4-pregnadiene-3.20-dione  16.17-
acetonide) was obtained from Sigma (St. Louis.
MO, U.S.A) All other steroids were purchased
from Steraloids (Wilton, NH, U.S.A). a-Chymo-
trypsin was obtained from Sigma. 4-Azahepta-
methyldiamine was purchased from Merck-
Schuchards.

Cell culture

The LNCaP cell line (derived from 2 fast grow-
ing colony of the lymph node carcinoma of the
prostate) was a gift from Dr. Horoszewicz (Buf-
falo, NY, U.S.A). The cells were cultured in plas-
tic Nunc flasks at 37°C in RPMI-1640 medium.
with added glutamine, streptomycin, penicillin and
7.5% (v/v) heat-inactivated fetal calf serum in a
humidified atmosphere of 5% CO, in air. Four to
seven days before the photolabeling experiments
7.5% (v/v) heat-inactivated fetal calf serum was
replaced by 5% heat-inactivated charcoal-stripped
fetal calf serum in the same medium. LNCaP cells
between the 67th and 71th passage in vitro were
used for the studies n this report.

In situ photolabeling

In situ photolabeling was performed according
to the procedure described originally by Horwitz
and Alexander (1983). LNCaP cells were in-
cubated for 1 h at 37°C with 10 nM [PH]R1881 in
serumn-free medium in the presence or absence of
unlabeled steroids. After incubation, the cell
surface was washed twice with ice-cold phosphate-
buffered saline. The flask was put on the surface
of a 300 nm UV transilluminator (UVP, San

Gabriel, CA. U.S.AL) and the cells were irradiated
for 2 min. From the irradiated cells either a ho-
mogenate or a nuclear extract was prepared.

Preparation of lysates of in situ photolabeled cells

Immediately after in situ irradiation cells were
solubilized in lysis buffer (40 mM Trs, pH 7.4, 1
mM EDTA. 4% glycerol. 10 mM dithiothreitol
(DTT), 4% SDS) in the presence or absence of
protease inhrbitors (0.6 mM phenylmethylsulfonyl
fluoride (PMSF), 1 mM leupeptin and 0.5 mM
bacitracin), boiled for 3 min and centrifuged at
8000 x g for 10 min. The supernatant was analyzed
by SDS-PAGE.

Preparation of nuclear extracrs

After irradiation cells were harvested with a
rubber policeman and homogenized in TEDGP
buffer, pH 7.4 (40 mM Trs, 1 mM EDTA. 10%
glycerol (w,/v), 1 mM DTT, 0.6 mM PMSF., 1 mM
leupeptin and 0.5 mM bacitracin) at 0°C by using
a glass homogenizer. The homogenate was centri-
fuged at 800 X g for 10 min at 4°C. The pellet
was washed once with TEDGP buffer containing
0.2% Triton X-100 and twice with TEDGP buffer
alone. The nuclear pellet was resuspended in
TEDGP buffer, pH 8.5, with 0.3 M Nall and
incubated for 1 h at 4°C. The sample was centri-
fuged at 100000 X g for 30 min. Proteins were
precipitated from the supematant with 10% tri-
chloroacetic acid (TCA), solubilized in lysis buffer
and boiled for 2 min. This preparation was
analyzed by SDS-PAGE.

SDS-PAGE

SDS-PAGE of photolabeled samples was car-
ried out according to Laemmli (1970) using 8% or
9-26% polyacrylamide gels. Following electro-
phoresis the slab gel was cut in 2 mm slices and
radioactivity was eluted with a mixwre of 8%
Trton X-100 and 8% 4-azaheptamethyldiamine in
water for 18 h at room temperature. Radicactivity
was counsted in picofluor. High molecular weight
markers of Sigma (29000-200 000 Da) in the pres-
ence or absence of low molecular weight markers
of Pharmacia (2560-17200 Da). run in parallel
lanes, were used as references for molecular weight
estimation.
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Sonication of photolabeled INCaP cells

After in situ photolabeling LNCaP cells were
sonicated In a mixture of 40 mM Tris. pH 74, 1
mM EDTA and 4% glycerol for 5 s at high speed.

Chymotrypiic digestion

The 110 kDa and 43 kDa photolabeled proteins
were ¢luted from gel shices after SDS-PAGE in 40
mM Tris, pH 7.4, 1 mM EDTA, 10% glycerol and
0.1% SDS for 18 h at 20°C. The eluate was
in¢cubated at 37°C for 30 min in the presence or
absence of 35 pg/ml a-chymotrypsin. The sam-
ples were analyzed by SDS-PAGE on 9-26% poly-
acrylamide gradient gels.

Results

Binding studies were performed with [PHIR1881
because this ligand showed a high affinity for
androgen receptors and its highly conjugated na-
ture makes it extremely suitable as photoaffinity
label for androgen receptors. LNCaP cells were
incubated with 10 nM [*HJR1881 and in sit
irradiated. Whole cells were solubilized with a 4%
SDS buffer and the extract was analyzed by SDS-
PAGE. The profile of radicactivity is shown in
Fig. 1. Two radioactive proteins were detected
with molecular masses of 43 kDa and 110 kDa. A
100-fold molar excess of nonradioactive R1881
could suppress both radioactive protein peaks
completely. indicating that they are specifically
labeled. Table 1 shows the steroid specificity of
both [*H]R1881 binding proteins in LNCaP cells.
The presence of a 100-fold molar excess of
testosterone or dihydrotestosterone suppressed the
covalent labeking of the 110 kDa protein with
[*HIR1881 completely. The 110 kDa protein also
showed some affinity for the synthetic progesta-
gen R35020. A 10-fold and a 100-fold molar excess
of unlabeled R5020 reduced covalent labeling of
the 110 kDa protein with [*HJR1881 to 67% and
11% respectively. In contrast, testosterone, dihy-
drotestosterone and triamcinolone acetorude did
not compete with [*HJRI881 for binding to the 43
kDa protein, while a 100-fold molar excess of
R502C competed only to a limited extent (Table
1). This indicates that the 43 kDa and the 110 kDa
proteins have different ligand specificities.
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Fig. 1. SDS-PAGE pattern of photolabeled proteins of LNCaP

cells after incubation with 10 aM [YH]R1881 alone (@), or with

10 nM [*H]R1881 in the presence of a 100-fold molar excess of
unlabeled R1881 (a).
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TABLE 1

STEROID BINDING SPECIFICITY OF THE 110 kDa AND
43 kDA PROTEINS IN LNCaP CELLS

LNCzP cells were in situ photolabeled with 10 oM [PH]R1881
in the presence or absence of an excess of unlabeled steroids
and separated on SDS-PAGE. The arcas under the protein
penks were used to quantify the amount of covalently labeled
protein. The amount of covalently bound [YHJR1881 in the
absence of unlabeled steroids was arbitrarily set at 100%.

Competing ligand Molar % Photolabeling
SRS J10kDa 43 kDa
- - 100 100
RI1881 10 7 11
R1881 100 0 V]
Testosterone 10 17 109
Testosterone 100 0 94
Dihydrotestosterone 10 25 104
Dihydrotestosterone 100 3 107
R5020 10 67 93
Rs020 100 11 54
Triamcinolone acetonide 500 102 109
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After ¢ (A), 30 {B) and 60 (C) min samples were removed.
adjusied to 4% (w,/v) SDS and 10 mM DTT, boiled for 3 min
and analyzed on SDS-PAGE.
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The ratio between the amounts of the 43 kDa
and 110 kDa photolabeled proteins was 3.7 + 0.8
(n=28). The presence or absence of several pro-
tease inbubitors (0.6 mM PMSF, 0.5 mM bacitra-
cin, I mM Ieupeptin) in the lysis buffer had no

dpm {slice
a3 28 25 17
i Ty L
120 I
] I A
.
FH g
n b
891 NIl | '*\I‘ 4
||\ ‘ il
i [
1l \ i
404 | | % 5
| ! |
I ! 4
fw I’Vf b P
WW

10 20 40

effect on this ratio. The question whether the 43
kDa protein was a degradation product of the 110
kDa protein was studied next. LNCaP cells were
in situ photolabeled and subsequently the cells
were sonicated. In Fig., 2 the stability of both
covalently labeled proteins in the sonicate is
shown, Incubation of the sonicate for 1 hat 20°C
fails to degrade the 110 kIDa photolabeled protein
to the 43 kDa protein or to any other fragment.
This indicates that the 43 kDa protein is not the
result of in vitro degradation of the 110 kDa
protein by endogenous proteases.

More evidence that the 43 kDa protein is not
related to the 110 kDa protein was obtained after
limited proteolysis with chymetrypsin. Fig. 34
shows the [*H]R1881-labeled chymotryptic frag-
ments generated from photolabeled 43 kDa pro-
tein. Digestion with 35 pg enzyme,/ml resulted in
the generation of fragments with molecular masses
of 28, 25, 11 and 7 kDa. Limited chymotryptic
digestion of the 110 kDa androgen receptor re~
sulted in one single photolabeled fragment of 15
kDa (Fig. 3B), without any intermediate frag-
ments.

The 43 kDa protein is, as the 110 kDa protein,
present in nuclel. In Fig. 44 a SDS-PAGE pattern
1s shown of photolabeled proteins present in z 0.5
M NaCl extract of nuclei, prepared of In sitn
photolabeled LNCaP cells. In Fig. 4B the same
nuciear pellet was solubilized in a 4% SDS buffer
after the NaCl extraction. It can be concluded that
most of the 110 kDa protein was extracted from
nuclei with 0.5 M NaCl. The 43 kDa protein could
only be released after the more drastic solubiliza-
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Fig. 3. SDS-PAGE patterns on 9-26% gels of chymotryptic digests of photolabeled 43 kDa protein (4) and 110 kDa androgen
receptor { 8).
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Fig. 4. SDS-PAGE patterns of photolabeled proteins, isolated
from nuclei prepared {rom in situ photolabeied LNCaP cells.
Nuclei were either extracted with 0.5 M NaCl (A1) or with 4%
SDS after NaCl extraction (8).

tlon with SDS. suggesting that this protein is more
tightly bound to nuclei.

Discussion

The exact size of the humsan androgen receptor
is still not known due to its low tissue concen-
tration, its extreme lability and susceptibility for
proteolytic breakdown. Different molecular
weights have been reported for covalently labeled
androgen receptors on SDS-PAGE. ranging from
40 to 90 kDa {Gyorki et al., 1986: Brinkmann et
al., 1987; Stamitiadis et al.. 1987: Kodama et al..
1988; Kovacs and Truney, 1988). We estimated
the molecular mass of the human androgen recep-
tor in the LNCaP cell line with the in situ photo-
labeling procedure. With this technique in vitro
incubation and iselation artefacts can be avoided
as much as possible, Two proteins with molecular
weights of 110 kDa and 43 kDa were specifically
labeled. The fact that covalent labeling of the 110
kDa protein with [*H]R1881 was suppressed com-
pletely in the presence of a 100-fold molar excess
of unlabeled testosterone or dihydrotestosterone
indicates that the 110 kDa protein is the androgen

32

receptor. This molecular mass is in agreement with
the molecular mass of the androgen receptor in
calf uterus and rat epididymis (Brinkmann et al.
1985, 1989). The molecular mass of the human
androgen receptor is in this respect in the same
range as has been reported for the human gluco-
corticoid (Hellenberg et al.. 1985) and pro-
gesterone receptor (Misrahi et al., 1987).

Endogenous proteases in LNCaP cells could be
responsible for breakdown of the 110 kDa protein
10 a 43 kDa proteolytic fragment. However, the
fact that both photolabeled proteins were stable
for at least 1 h in LNCaP cell sonicates at 20°C
suggests that the 43 kDa protein is not generated
during the homogenization procedure from the
110 kDa protein. Furthermore, it is not hkely that
the 43 kDa protein 18 generated from the 110 kDa
protein during the photoactivation reaction, since
irradiation of the cells for up to 7 min did not
result in different ratios between both photo-
iabeled proteins {result not shown). More evidence
that the 110 kDa and 43 kDa proteins are not
related was obtained after limited proteolytic di-
gestion with chymotrypsin, which resulted in the
generation of different photolabeled chymotryptic
fragments for both photolabeled proteins. Fur-
thermore. the proteins differ in their steroid
specificity.

The 43 kDa protein binds specifically to R1881,
but has no affinity for testosterone. dihydro-
testosterone and iriamcinolone acetonide. Fur-
thermore. this protein has less affinity for R5020
than the 110 kDa androgen receptor. suggesting
that the 43 kDa protein is not related 10 or derived
from an androgen. glucocorticoid or progesterone
receptor.

The relative binding activity of both the
androgen R1881 and the progestagen R5020 for
the human androgen receptor is understandable in
the Light of the observed homology between the
steroid binding domains of the human androgen
receptor and the human progesterone recepter
(Trapman et al. 1988). Since R3020 has. like
R1881. a highly conjugated structure, it is also
possible that R5020 interferes with the photolabei-
ing process of the 110 kDa androgen receptor and
the 43 kDa protein. It can therefore not be ex-
cluded that the observed competition between
R1881 and R5020 for the 43 kDa protein is in-



fluenced by the covalent attachment of nonradio-
active RS020.

The 43 kDa protein is, like steroid hormone
receptors, a nuclear protein with a relatively high
affinity for nuclei. An increase in DNA-binding
activity has also been found for the calf uterus
androgen receptor (de Boer et al., 1987) and for
the glucocorticoid receptor (Carlstedt-Duke et al.,
1982) after removal of the DNA-binding modulat-
ing domain from the receptor. It cannot be ex-
cluded that this protein is related to a steroid
hormone receptor which lacks the DNA-binding
modulating domain,

References

Berns, E.MJ.J., de Boer, W. and Mulder, E. (1986) Prostate 9,
247-259.

Brinkmann. A.O.. Kuper. G.G.J.M.. de Boer. W.. Mulder. E.
and van der Molen, H.J. (1985) Biochem. Biophys. Res.
Commun. 126, 163-169.

Brinkmann, A.Q., Bolt, J.. van Steenbrugge, G.J.. Kuiper,
G.GIM. de Boer. W, and Mulder, E. (1987) Prosiate 10,
133-143.

Brinkmann, A.O., Klaassen, P., Kuper, G.G.JM., van der
Korput, LA.G.M., Bolt, J., de Boer, W., Smit, A.. Faber,
P.W., van Rooij, H.C.J., Geurts van Kessel, A., Voorhorst,
M.M.. Mulder, E. and Trapman. J. (1989) Urol. Res. (in
press).

Carlstedt-Duke, J., Okret, 5., Wrange, C. and Gustafsson, J.A.
(1982} Proc. Na1l, Acad. Se1. US.A, 79, 42604264,

Chang. C., Kokontls, J. and Liao. $. (1988) Science 240,
324-327.

de Boer. W, Bolt. J.. Kuiper, G.G.J.M.. Brinkmann. A.O. and
Mouider, E. {1987} J. Steroid Biochem. 28, §-19.

Gyorki, S.. James, R., Warne, G.L. and Funder, J.W. (1686) J.
Steroid Biochem. 25, 355-358.

Hollenberg, .M., Weinberger, C.. Ong, ES., Cerelii, G., Oro,
A.. Lebo. R.. Thompson. EB.. Rosenfeld. M.G. and Evans,
R.M. (1985) Nature 318, 635-641.

Horoszewicz, J.8., Leong. 8.8. Kawinski, E. Kar, JP.,
Rosenthal, H., Ming Chu, T. and Murphy, G.P. (1983)
Cancer Res. 43, 1809-1818.

Horwitz, K.B. and Alexander, P.S. (1983) Endocrinology 113,
2195-2201.

Kandala. J.C.. Kistler. M_K. and Kistler. W.8_ (1985) Biochem.
Biophys. Res. Commun. 126, 948-952.

Kodama, T., Akakyra, K, Kato, R., Mimura, M, and
Shimazaki, J. (1988) Endoerinol, Jpn, 35, 237-248,

Kovacs, W.I. and Turney. M.E (1988) J. Clin. Invest. 81,
342-348.

Laeranali. UK. (1970) Nature 227, 680685,

Lubahn, D.B., Joseph, D.R., Sullivan, P.M., Willard, H.F..
French, F.S, and Wilson, E.M. (1988) Science 240, 327-330,

Misrahi, M., Atger, M., d"Quriol, L., Loosfelt. H.. Meriel, C..
Fridlangky, F., Guiochon-Mantel, A.., Galibert, F. and
Milgrom. E. (1987) Biochem. Biophys, Res, Commun. 13,
T40-T748.

Montpetit, M.L., Lawless, K.R. and Tenniswood, M. (1986)
Prostate §, 25-36.

Salzman. A.G.. Hipakka, R.A. Chang. C. and Lino, S. (1987)
J. Biol. Chemn. 262, 432-437.

Stamitiadis, D., Portois. M., Blondeau, J., Mowszowicz, 1. and
Mauvais-Jarvis, P. (1987) Mol. Cell. Biochem. 54, 141149,

Traprman, 1. Klaassen, P.. Kuiper, G.GJM.. van der Korput,
J.AG.M.. Faber, P.W._, van Rooij. H.CJ.. Geurts-van Kes-
sel, A., Voorhorst, M.M., Mulder. EM. and Brinkmann,
AO. (1988} Biochem. Biophys. Res. Commun. 153,
241-248,

Zhang, Y.L. and Parker, M.G. (1985) Mol. Cell. Endocrinol.
43, 151-154.

33






CHAPTER 4

CHARACTERIZATION OF POLYCLONAL ANTIBODIES AGAINST THE
N-TERMINAL DOMAIN OF THE HUMAN ANDROGEN RECEPTOR

J.H. van Laar, M.M. Voorhorst-Ogink, N.D. Zegers, W.J.A, Boersma,
E. Claassen, J.A.G.M. van der Korput, JA. Ruizeveld de Winter,
Th. H. van der Kwast, E. Mulder, J. Trapman and A.QO. Brinkmann

Molecular and Cellular Endocrinology 67, 26-38 (1989)

35



Moiccular and Cellular Endocrinclogy. 67 (1989) 29-38
Elsevier Sclentific Publishers Ireland. Ltd.

MOLCEL 02137

Characterization of polyclonal antibodies against the N-terminal domain
of the human androgen receptor

J.H. van Laar }, M.M. Voorhorst-Ogink *, N.D. Zegers *, W.J.A. Boersma °,
E. Claassen *, J.A.G.M. van der Korput *, J.A. Ruizeveld de Winter *,
Th.H. van der Kwast >, E. Muider *, J. Trapman * and A.Q. Brinkmann
! Department of Biochemistry 11, ° Department of Pathology, Erasmus University Rotterdam. 3000 DR Retterdam, The Netherlands,
and * Department of Immunology MBL-TNO, Rijswijk, The Netherlands
(Received 16 June 1989; accepted 25 July 1939)

Key words: Androgen: Recepror: Antibody: (Human)
Summary

Antibodies against the N-terminal domain of the human androgen receptor (hAR) were prepared by
two different approaches. Firstly, rabbits were immunized with a S-galactosidase-hAR (amino acids (aa)
174-353) fusion protein. Secondly, two synthetic peptides corresponding 1o potentially antigenic sites
located within this fragment (aa 201-222 and 301-320) were used as immunogens. The obtained antisera
contained high titer anti-hAR antibodies as was established with several independent methods (e.g. sucrose
gradient centrifugation, immunoprecipitatdion, Western blotting). The two anti-peptide antisera specifically
stained nuclel of glandular epithelial cells in frozen sections of human prostate tissue. Progesterone,
estradiol and glucocorticoid receptors were not immunoprecipitated with these antisera.

The specific hAR antibodies provide new tools for the characterization of this steroid receptor as well as
for diagnostic purposes in pathology of the human prostate and androgen resistance.

Introduction Antibodies against purified preparations of the
oestrogen {(ER). progesterone (PR) and gluco-

Like all steroid hormone receptors. the andro- corticoid receptors (GR) have been used as tools
gen receptor (AR) is a ligand-responsive transcrip- in clucidating the function of these regulatory
tional regulator consisting of a putative DNA- proteins (Okret et al., 1984; Logeat et al.. 1985:
binding domain, a steroid-binding domain at the Westphal et al. 1984). In addition, monoclonal
C-terminal end and a large N-terminally located antibodies directed against PR and ER are used
domain that might be involved in the regulation of for the quantification of these receptors in breast
gene transcription (Weinberger et al., 1986; Petro- tumors, which is an important criterium for endo-
vich et al., 1987). crine therapy. Similarly, antibodies against the

human androgen receptor (hAR) might be useful

for studies conceming the functional properties,

quantification and localization of this protein. The
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1738, 3000 DR Rotterdam, The Netherlands. forms in iadividuals with the (partial) androgen
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insensitivity syndrome as well as for the quansifi-
cation of AR in prostate cancer specimens.

Until recently antibodies against the hAR were
not available because the low concentration of
hAR in target tissues as well as the lability and
susceptibility * to proteolytic breakdown have
hampered large scale purification of the receptor
protein. However, autoimmune antibodies {Lizo et
al., 1985) as well as anubodies produced by im-
mortalized human lymphocytes have been re-
ported (Young et al., 1988}, With the recent cion-
ing of ¢cDNA encoding the hAR and the subse-
quent elucidation of the hAR primary structure
(Chang ¢t al.. 1988a; Lubzahn et al., 1988a; Trap-
man et al. 1988), tools were provided for the
preparation of large amounts of hAR protein frag-
ments that can be used as antigen in the produc-
tion of antibodies.

In this paper we report the preparation and
characterization of a polyclonal antu-hAR anti-
serum. raised in rabbits against a fusion proiein
product containing a part of the hAR N-terminal
domain. In addition we describe the properties of
antibodies against synthetic peptides correspond-
ing to possible predicied antigenic areas in the
N-terminal domain of the hAR. The antibodies
are shown 1o be valuable tools in vanious immuno-
biochemical techniques: precipitation. blotting and
in situ enzyre-immunohistochemistry.

Materials and methods

[17a-merhy-*H)Methyltrenolone ([*H]R1§81).
spec. act. 87 Ci/mmol and [17a-methyl-*H]pro-
megestone ([PHJR5020). spec. act. 72.4 Ci/mmol
were purchased from NEN-Dupont, Dreieich.
F.R.G. [2.4.67-’H]Oestradiol, spec. act. 94
Ci/mmol and [1,2.4.6,7-"H]dexamethasone, spec.
act. 94 Ci/mmol, were obtained from Amersham,
Cardiff, UK.

Preparation of kAR fusion protein and generation of
antibodies

The 542 bp Poull-Poull hAR cDNA fragment
{derived from clone T4.1. Al and corresponding
to amino acids (aa) 174-353, see Faber et al
{1989), Figs. 1 and 2} was igated in the Smal site
int the polylinker of the bacterial expression vector
pEX2 (Stanley and Luzio. 1984) using standard

recombinant DNA technology (Maniatis e: al.,
1982). The orientation of the integrated fragment
was established by digestion of the plasmid (pEX-
B-gal-hAR) with PsrI. B-Galactosidase-hAR fu-
sion protein was produced in Escherichia cofi POP
2136 during a 2 h incduction period ar 42°C.
Protein was isclated from the bacterial pellet by
extraction in a 60 mM Tris buffer (pH 6.8) con-
taining 3% sodium dodecy! sulphate (SDS), 6 M
urea, 5% P-mercaptocthanol and 1 mM phenyl-
methylsulfonyl fluoride (PMSF). After centrifuga-
tion (10 min. 12000 X g) the superpatant was
dialyzed ovemmight at 4°C against phosphate-
buffered saline (PBS) containing 1 mM PMSF.
The protein extract was once again centrifuged
and subsequently used for SDS-polyacrylamide
gel electrophoresis (PAGE) analysis or immuniza-
tion. A New Zealand white rabbit was immunized
subcutancously 2 times at 4-week intervals with
approximately 250 pg of protein. The first injec-
tion was in complete Freund's adjuvant. the sec-
ond in incomplete adjuvant and subsequent boos-
ters in PBS. Two weeks after each immunization
serurn was analyzed for reactivity with the fusion
protein by Western blotting,

Selection of putarive antigenic sequences

For the selection of putauve antigenic se-
quences predictive algorithms were used: hydro-
philicity (Hopp and Woods, 1981: Kyte and
Doolittle, 1982), a-helix and B-turns (Chou and
Fassman, 1978: Gamier et al.. 1978). surface
probability (Emini, 1983), flexibility (Karplus and
Schulz, 1983). culminating in an antigenicity index
according to Jameson and Wolf (1988). Two
peptides, SpO60 (amino acids 201-222) and Sp061
{amino acids 301-320). were synthesized.

Synthesis of peptides and immunization protocol
Sohid-phase syathesis on Rapid-Amide resin
beads was performed essentially according to
Mermrifield (1963) using Fmoc-protected amino
acids (Dupont, Wilmington, U.S.A} in the proce-
dure as described for the RaMPS System (Dupont,
Medical Products, Biotechnology Systems, U.S.AL).
High-performance liquid chromatography (HPL-
C)-grade reagents were used throughout the
peptide production procedure. For deprotection
pipenidine was used. Elongation was controlled at
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each step (Kaiser et al., 1970}, in case of a proline
coupling elongation was checked according to a
modification (Pritchard and Aufret, 1986) of the
method originally described by Kaiser et al. (1980).
Final deprotection and cleavage were performed
using a mixture of trifluoroacetic acid. phenol and
ethanedithiol followed by precipitation and filtra-
don from diethyl ether. The peptides contained
cysteins with a tertiary butyl protection group
which was removed using mercuric (II) acetate.
The peptides were purified as described elsewhere
(Van Denderen et al., 1989). Brefly, the peptides
were reduced using S-mercaptoethanol and subse-
quently purified over G-15 Sephadex (Pharmacia,
Uppsala. Sweden) in 5% acetic acid. Fractions
showing a single peak in reversed-phase chro-
matography in a gradient of acetonitrile with 0.1%
trifluoroacetic acid, monitored at 214 nm, were
pooled and freeze dried. The amino acid composi-
tion was confirmed using amino acid analysis of
the peptides. The selected AR sequences were
prolonged with a cystein to allow coupling to a
carrier protein, kevheole limper hemocyanin with
maleimidobenzoyl-N-hydroxysuccinimide ester as
described elsewhere (Boersma et al., 1988). Con-
trol conjugates of the peptides with bovine serum
albumin (BSA), based on coupling of the peptides
with a carbodiimide (Boersma et al., 1988), were
used in enzyme-linked immunosorbent assay
(ELISA) for analyses of the anti-peptide re-
sponses. Two rabbits (Flemisch Giant random
bred. MBL-TNO, Rijswijk, The Netherlands) were
immunized with each peptide conjugate: 3 times
at 4-week intervals with 250 wg of the conjugate
with Freund's complete adjuvant the first time
and with incomplete Freund's adjuvant for the
other immunizations. Two weeks after each -
munization serum was analyzed for reactivity with
the peptides and conjugates in an ELISA (Boersma
et al., 1988). Pre-immune sera served as controls.

Cell culture

The cell lines LNCaP, NHIK, MCF-7 and
T47D were cultured as described previously
(Mulder et al.. 1978: Keydar et al.. 1979; Berns et
al., 1984: Van Laar et al.. 1989).

Preparation of nuclear extract
LNCaP, MCF-7 and NHIK cells were in-
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cubated with 10 oM [*HJR1881, [*H]oestradiol
and [*H]dexamethasone tespectively for 1 h at
37°C. T47D cells were incubated with 40 nM
[PHIR5020 for 1 h at 37° C. After incubation. the
cells were collected in TEDGP buffer, pH 7.4 (40
mM Tris, 1 mM EDTA, 10% glycerol {(w/v). 10
mM dithiothreitol. 0.6 mM PMSF, 0.5 mM
bacitracin) at 0°C and homogenized by using a
glass/ Teflon homogenizer. The homogenate was
centrifuged at 800 X g for 10 min at 4°C. The
pellet was washed with TEDGP buffer pH 7.4
containing 0.2% Triton X-100 and with TEDGP
buffer pH 7.4 without additons.

The nuclear pellet was resuspended in TEDGP
buffer. pH 8.5, In the presence of 0.5 M NaCl and
0.25 mM leupeptin and extracted for 1 h at 0°C.
The sample was centrifuged at 100000 x g for 30
.

Measurement of steroid binding

Protamine sulphate (Organon, Oss, The Nether-
lands) solution (300 ul of 0.5 mg/ml} was mixed
with 30 pl nuclear extract and precipitated for
5-1¢ min cn ice in glass tubes which were pre-
coated with 0.1% BSA for 30 min at 30°C. The
precipitate was centrifuged for 15 min at 2000 X g
and washed 4 times with 0.5 ml ice-cold TEDGP
pH 7.4 buffer. The precipitate was dissolved in 0.5
ml Soluene-350 (Packard. Downers Grove, IL.
U.8.A.) for 15 min at 60°C. Precipitated radioac-
tivity was counted in 5 ml Instagel (Packard).
Nonspecific binding (less than 10%) was de-
termined in nuclear extracts of cells which were
incubated with radiolabeled ligand in the presence
of a 100-fold molar excess of unlabeled ligand.

Sucrose gradient centrifugation

150 pl1 of [PH]R1881-labeled nuclear exiract
(0.15 M NaCl), which was incubated for 6 h at
4°C with anti- or pre-immune serum was layered
on 10-30% sucrose gradients in the presence of
0.3 M NaCl and centrifuged for 20 h at 370000 < g
at 4° C {De Boer et al., 1986).

Double immunoprecipitation

20 pl of PHIR1881-labeled LNCaP nuclear
extract. diluted until the NaCl concentration was
0.153 M, was incubated with 20 ul antiserum or
pre-immune serum in various dilutions for 18 h at



4°C. 30 pl goat anti-rabbit serum and 30 pl 1%
normal rabbit serum were added and the incuba-
tion was conunued for 2 h at 4°C. 1 ml of
polyethylene glycol (molecular weight (MW)
6000-7000) was then added and the mixture was
incubated for-an additional 2 h at 4°C before
centrifugation at 2400 X g for 30 min. The pre-
cipitate was washed once with 1 ml PBS con-
taining 1% BSA. centrifuged for 10 min at 2400 X g
and counted for radicactivity in 10 ml Instagel
(Packard).

Photoaffinity labeling of nuclear extracts
Photoaffinity labeling of the androgen receptor
with [*HIR1831 in nuclear extracts was performed
via irradiation of the sample with an Osram HBO
100 W/W-2 high pressure mercury lamp as de-
scribed previously (Brinkmann et al., 1983).

Methanol precipitation

One volume of photolabeled nuclear extract
from LNCaP cells was added to 5 volumes of
methanol, precipitated for 18 h at —80°C and
centrifuged at 10000 X g for 30 min. The precipi-
tate was prepared for SDS-PAGE.

SDS-PAGE

SDS-PAGE was carried out according to
Laemmi (1970) using §% polyacrylamide gels.
After electrophoresis, the slab gel was either sub-
jected to Western blotiing or counted for radioac-
tivity as described (Van Laar et al., 1589).

Western blotting

The slab gels were positioned on nitrocellulose
paper (Schleicher and Schuell. 0.45 pm) and placed
in a Bio-Rad {Richmond, CA, US.A) Trans-Blot
cell. filled with 16.5 mM Tns/150 mM
glycine /20% methanol (pH 8.3). The transfer was
performed at 4°C using 65 V for 17 h. The paper
was Incubated with the antiserum diluted 1:350
(Tp4) or 1:200 (SpO&J and SpO61) in PBSA0.05%
Tween-20 (PBS-Tween) for 1 h at room temper-
ature, washed 3 times for 20 min each with PBS-
Tween, and incubated for another hour at room
temperature with zlkaline phosphatase-conjugated
goat anti-rabbit IgG (Sigma. $t. Louis, MO,
US.A), diluted 1:2000 in PBS-Tween. After
washing of the nitrocellulose paper, the antibody
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complexes were stained with a solution of 0.3%
{w/v) 4-aminodiphenylamine diazonium sulphate
(Sigma), 0.1% (w/v) naphthol phosphate (dis-
odium salt) (Sigma) and 10 mM MgCl, in 0.2 M
Tris-HCL pH 9.1.

Immunohistochemistry

6 pm-thick cryostat sections of freshly frozen
prostatic tissues with nodular glandular hyper-
plasia were fixed in 4% buffered formalin and
dehydrated in chilled methanol and acetone. In-
cubation with the oligopeptide-specific rabbit an-
tisera (SpO60 and SpO61) diluted 1:500 in PBS
containing 0.5% BSA and 0.1% sodium azide (pH
7.8) was done ovemnight at 4°C, After rinsing in
PBS (pH 7.4) an indirect conjugated peroxidase
method was applied using a swine ant-rabbit im-
munoglobulin  comjugate (Dakopatts, Glostrup.
Denmark) as second step reagent. Reactivity was
visualized using hydrogen peroxide and diamino-
benzidine (Sigma) as substrate, For distinction of
nuclei counterstaining with Mayer’s haematoxylin
was sometimes applied. Pre-immune sera were used
as negative controls. Freshly frozen lymphoma
tissue processed similarly as the prostatic tissue
served as a specificity control.

Results

Generation of the antibodies

A Poull-Poull ¢DNA restriction fragment
(Tp4) encoding part of the hAR N-terminal do-
main (aa 174-353, sec Faber et al, 1989) was
ligated to the /gacZ gene and expressed in E. coff
(Fig- 1). The lysate, containing large amounts of
the fusion protein (about 25%), was used for im-
munization of rabbits. Antisera which were puri-
fied over an affinity column prepared from lysates
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Fig. 1. Schematic diagram of the hAR, illusirating, the location

ol the functional domains and the location of the peptides

(Sp060 and SpO61) and the Poull-Prull fragment (Tp4d) that

were used for immunizations. Numbers indieate the amino acid
residues.
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Fig. 2. Imounoprecipitotion of [PHJR1881-labeled hAR in
puclear extracts with the antisera Tpd (©). SpO60 (O} SpO6l
(®) or SpO61 pre-immune serum (). A constant amount of
nuclear extract containing 2430 dpm [“H]R1881-lubeled hAR
was ingubated with serial dilutions of the sera. Goat anti-rab-
bit antiservm was used as a second antibody.

of B-palactosidase producing bacteria were reac-
tive with the S-gal-hAR fusion protein in 2 West-
ern blot {not shown). indicating that antibodies

against the hAR part of the fusion protein were
indeed generated. With prediction programme
analyzing immunogenicity (Chou and Fassman,
1978: Garnter et al., 1978; Hopp and Woods,
1981:; Kyte and Doolittle. 1982). two possible
antigenic areas were selected within the same hAR
fragment which was used for the preparation of
the fusion protein. Two peptides. SpO60 (aa
201-222) and Sp061 (aa 301-320, see Fig. 1 and
Fzber et al., 1989) were used to raise anti-hAR
antibodies i rabbits. In an ELISA assay the
anti-peptide antisera were reactive with the
material used for immunization. In addition, the
antisera recognized the S-gal-hAR (aa 174--353)
fusion protein in a Western blot (not shown).

Double immunoprecipitation

The interaction of the three antisera with the
native hAR was determined by double im-
rounoprecipitation. A constant amount of [*HI-
R1881-labeled nuclear extract. prepared from
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Fig. 3. Sedimentation profiles in 10-30% sucrose gradients of 137 p1 [*HJR1881-labeled hAR in LNCaP nuclesr extraets (0.15 M
NaCl in TEDGP bulfer) incubated with (A) 13 1 Tpd (©) or 13 pl pre-immune serum (&) (8) 13 pl SpO60 antiserum () or
pre-immune serum (@): (C) 4kl (0) or 0.8 pl (&) SpO61 antiserum or 4 x| pre-irnmune serum (@).
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LNCaP cells, was incubated with serial dilutions
of the antisera. Immune complexes were precipi-
tated with a second antbody. As shown in Fig. 2.
use of serial dilutions of the antisera propertion-
ally decreased the amount of precipitated [*HJ-
R1831-AR complexes, indicating the presence of
specific antibodies against the hAR.

The titres of anti-hAR antibodies in both anti-
pepude sera (SpO60 and SpO61) were higher than
in the serur raised against the fusion protein
(Tp4). Approximately 50% of the [PHJR1881 bind-
ing activity could be precipitated with a 1:300
dilution of the Tp4 anuserum. Dilutions of 1: 7000
and 1:900 of the antisera Sp0O61 and SpO6&0
respectively were able to precipitate 50% of
[PHJR1881 binding activity.

Sucrose gradient analysis

In Fig. 3 sucrose density sedimentation analysis
is shown of [*H|R1881-labeled hAR in nuclear
extracts of LNCaP cells in the presence of the
antisera. Incubation of labeled nuclear extracts
with each of the antisera resulted in faster sedi-
mentation rates of the 4.65 AR, indicating the
presence of specific antibodies in the three ant-
sera that recognize the native hAR, No shifts were
observed with pre-immune sera. In the presence of
the SpO60 antiserum a 6.78 peak was formed (Fig,
3B). In contrast, incubation with the SpO61 anu-
serum resulted in the generation of two labeled
protein peaks of 6.75 and 8.1S respectively (Fig.
3C). The ratio between both labeled protein peaks
was dependent on the antiserum conceniration.
The 6.78 complex shifted completely to the 8.18
form in the presence of more antiserum. This
suggests that the SpOél antiserurmn is directed
against two different epitopes on the receptor
molecule, whereas one epitope is recognized by
the Sp0O60 antiserum. The Tp4 antiserum shifted
the steroid receptor complex to the bottom of the
tube (Fig. 34), indicating the formation of large
Immune complexes,

Specificity of the antibodies

In order to exclude any crossreactivity of the
three different antisera with other steroid recep-
tors, we tested receptor specificity with a double-
immunoprecipitation assay. For this purpose
nuclear extracts containing hPR. hER. hGR and

TABLE 1
STERQID RECEPTOR SPECIFICITY OF THE ANTISERA

Radiolabeled hAR. (2480 dpm), GR (1050 dpm). ER (840 dpm)
and PR (2000 dpm) in nuclear extracts of LNCaP, NHIK,
MCT-7 and T47D cells. respectively, wers incubated with anti-
or pre-immune serum in a 1:50 dilaton. Goat anti-rabbit
antiserum was used as o second antibody. Data are expressed
2s dpm *H precipitated.

Tpd 1018 40 94 45
3pQ60 787 43 88 47
Sp061 967 38 94 38
Pre-immune 204 37 100 30

hAR were prepared from T47D, MCF-7, NHIK
and LNCaP cells respectively. The results of the
immunoprecipitation studies with the three differ-
ent antisera and the particular receptor prepara-
tion are shown in Table 1. Only with the AR
preparation a significant radicactive immunopre-
cipitate was obtained. indicating that none of the
other steroid hormone receptors was recognized
by the antisera.

Immunoprecipitation of covalently labeled hAR

To verify that the antisera recognize the intact
hAR. receptors that had been covalenty labeled
with [*HJR1881 were precipitated from LNCaP
nuclear extracts with a double-immunoprecipita-
tion assay. The immune precipitate was analyzed
on SDS-PAGE. Fig. 44 shows the presence of one
labeled protein at a position of 110 kDa after
methanol precipitation of proteins from photo-
labeled LNCaP nuclear extracts. This protein peak
represents the intact hAR (Van Laar et al, 1989).
The SpO61 and Tp4 antisera precipitated a radio-
active labeled protein with exactly the same
molecular mass as was precipitated with methanol
{Fig. 48 and C). Similar results were obtained
with the SpO60 antiserum.

Western blorting

To examine the interaction of the antisera with
the denatured hAR. photolabeled LNCaP cell
nuclear extract was fractionated by SDS-PAGE.
After transfer 10 nitrocellulose membranes, blots
were incubated with each of the sera. Fig. 5 shows
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Fig. 4. SDS-PAGE patterns of covalently lubeled hAR, precipitated from 800 p1 ENCaP nuclear extracts (in (.15 M NaCl in TEDGP
buffer) with (A) methanol; (5) 4 pl SpO61 antiserum (&) or pre-immuxe serum (@); (C) 16 pl Tpd antiserum. Immune complexes
were isolated with a second antibody.

Fig. 5. Immunoblotting of hAR. After SDS-PAGE of nuclear
extracts protein was transferred to nizrocellulose and blots
were incubated with Tp4, 1:50 (lane 2}, SpO60, 1: 2000 (lane
4) and SpO6L. 1:2000 Jane 6} or the corresponding pre-im-
mune sera n the same dilutions (lanes 1, 3, and 5 respectively).

that a protein with an apparent molecular mass of
110 kDa was identified by the antisera (Janes 2. 4,
and 6). A similar proiwein band was not detectable
with the pre-immune serz (lames 1. 3. and 3).
Radicactivity comigrates with the specifically
stained protein band.

Immunohistochemistry

Immunostaining with both antiserum SpO60
and SpO61 resulted in a selective nuclear staining
of the secretory epithelial cells lining the prostatic
giands, whereas no reactivity with the basal cell
layer was observed. Reactivity with SpO61 was
more intense as compared to the SpO60 anti-
serum. A rather weak staining reaction with vary-
ing proportions of nuclei of stromal cells with
antiserum SpO61 was consistently present. Neither
antisera yielded reactivity with lymphoma tissues
(Fig. 6). In addition, pre-immune sera were nega-
tive for nuclear staining of prostate tissue,
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Fig. 6. A: Nuclear staining of the secretory epithelial cells of

prosiatic glands after immunohistochemistry with anti-AR an-

userum SpO61. Br Prostatic tssue incubated with the pre-im-

mune serum. C: Lymphoma tissue incubated with anti-AR

antibody SpO61. Magnification 375X, no nuclear counter-
staining.

Discussion

This paper describes two different approaches
for the preparation of anti-hAR antisera. Both
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approaches resulted in the generation of high-titre
antisera that recognize the native hAR as well as
the hAR protein in Western blots. In addition. the
peptide-antisera recognize the hAR im nuclei of
epithelial cells of benign hyperplastic prostate tis-
sue. The antibodies generated were highly specific
for the hAR because crossreactivity with hGR.
hPR and hER was absent. In addition, it appeared
that AR from other species (e.g. calf) was also
recognized (unpublished results). The species
specificity, however, has to be investigated further.

In the first approach a bacterially expressed
fusion protein product (Tp4). containing a frag-
ment of 180 amine acid residues of the hAR was
used for ismmunization. For two reasons a frag-
ment localized in the N-terminal domain of the
receptor protein had been chosen. Firstly, it was
known that antibodies against purified prepara-
tions of the GR (Carlstedi-Duke et al., 1982;
Westphal et al., 1982) and PR (Lorenzo et al,
1938) were predominantly directed against sites in
the N-terminal domain, suggesting that this do-
main is the most irmunogenic part of steroid
hormone receptors. Secondly, since the steroid-
and DNA-binding domains of the hAR share a
high homology with similar domains ir: the hPR.,
hGR and mineralocorticoid receptor (Chang et al.,
1988b: Lubahn et al. 1988b; Trapman et al.,
1988) antibodies generated against regions in these
domains might crossreact with other steroid
hormone receptors.

In the second approach two synthetic peptides
{(Sp0O60 and SpO61), corresponding to potentially
antigenic regions in the receptor molecule, were
selected as antigen. Both amino acid streiches are
present within the hAR fragment of the fusion
protein product. A similar approach has also been
successfully used for the generation of antibodies
against a peptide homologous to 2 hAR fragment
flanking the N-terminal zine finger motif (Lubabn
et al., 1988b).

Sucrose gradient analysis of [PH]R1881-labeled
hAR in the presence of the Tp4 antiserum resuited
in the formation of large immune complexes sedi-
menting to the bottom of the tube. It is likely that
a mixed population of antibody molecules had
been generated, recognizing different epitopes on
the hAR molecule. This could be expected because
a relatively large fragment was used for immuniza-



tior. This result is different from the discrete
shifts induced by the anti-peptide sera which are
indicative for single-epitope recogmition on the
labeled hAR. In the presence of the SpO60 anti-
serum the sedimentation coefficient of the 4.65
[*H]R1881-labeled hAR was shifted to 6.78 sug-
gesting the formation of 1:1 complexes of hAR
and antibodies. In the presence of the SpO61
antiserum antigen-antibody complexes with sedi-
mentation cocfficients of 6.78 and 818 were
formed. Furthermore, the 578 form was con-
verted to 8.15 with increasing antiserum con-
centrations. This sedimentation profile might be
explained by the fact tha: the antiserum recog-
nizes probably two different epitopes on the re-
ceptor molecule.

Both the pre-immune sera and antisera recog-
nize protein bands in Western blots of LNCaP
nuclear extracts, One protein band at a position of
110 kDa was stained exclusively with the hAR
antisera. There is strong evidence that this band
represents the bAR. Firstly, the hAR migrates as a
110 kDa protein on SDS-PAGE (Van Laar et al..
1989). Secondly, although the antisera were raised
against different epitopes on the receptor mole-
cule, they all recognized a protein at a similar
position in the gel. Thirdly, [*HJR1881 radicactiv-
ity comigrated with the stained protein band.

For the characterization of the antisera we ex-
clusively used higand-bound nuclear hAR. Whether
the untransformed hAR is also recognized by the
aptisera remains to be investigated. Since transfor-
mation of steroid receptors might imply dissocia-
tion of the receptor from a macromolecular com-
plex including a 90 kDa heat shock protein (Schuh
et al., 1985; Sanchez et al.. 1987} and /or a confor-
mational change in the receptor molecule, it can-
not be excluded that the epitopes, recognized by
the antisera are masked in the untransformed re-
ceptor form.

The peptide antisera recognize specifically anti-
gens in nuclei of the secretory epithelial cells
lining the prostatic glands in frozen sections of
prostatic tissue, Some nuciei of stromal cells
showed 2 weak reactivity. A similar AR localiza-
tion has been observed in rat and human prostatic
tissue with different antisera (Lubahn et al., 1988b;
Tan et al., 1988) and with radiofabeled R1881 as a
ligand (Peters and Barrack, 1987).
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The hAR-directed antibodies provide im-
portant tools which can be used for studying
many aspects of receptor structure and function.
It might be possible now to detect the AR without
the use of radioactive ligands. Furthermore, AR
mutants which lack completely or partially the
steroid-binding domain ¢an be detected now. The
development of detection methods for aberrant
hARs is highly relevant for studies concerning the
androgen Insensitivity syndrome and for investiga-
tions on androgen independency of prostate
cancer. Other potential applications of specific
AR antibodies are thelr use for receptor de-
termination with enzyme-linked or radioim-
munoassays, and for purification purposes on im-
munoadsorbent columns.
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ANDROGEN RECEPTOR HETEROGENEITY AND PHOSPHORYLATION
IN HUMAN LNCaP CELLS

JH. van Laar, J. Bolt-de Vries, ND. Zegers, J. Trapman
and A.QO. Brinkmann

Biochem. Biophys. Res. Commun. 166, 193-200 (1990)

47



Vol. 166, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
January 15, 1920 Pages 193-200C

J.H. van Lasrl, J. Bolt—de Vries®, N.D. Zegers?, J. Trapman® and A.O. Brirkmarrr

Ipepartment of Biochemistry IT¢ “Department of Pathology,
Frasmus University Rotterdam, P.O. Box 1738, 3000 DR Rotterdam, The Netherlands

2pepartment of Immnology MBI~TNO, Rijswijk, The Netherlands

Received November 17, 1989

Androgen receptor hetercgeneity and phosphorylation were studied in the human
INCaP cell line. TFluorography after photoafffinity labeling as well as
immmoblotting with a specific polyclenal antibody revealed that the human
ardrogen receptor migrated as a closely spaced 110 kD doublet on SDS-
polyacrylamide gels. A time-dependent change in the ratio between the two
isoforms was not observed after R1881 treatment of intact cells. In nuclear
extracts of INCaP cells that were incubated with [34Plorthophosphate in the
presence of 10 nM R188l, a 110 XD phosphorylated protein was demonstrated
after immmopurification using a monoclongl antirody against the human
androgen receptor. Only a very small amount of this phosphoprotein was
detected in the muclear fraction from cells not treated with R1881. These
results indicate that the human androgen receptor in INCaP cells can be
phosphorylated. e 1990 academic Press, Inc.

Steroid hormone receptors are intracellular proteins which are involved in
transceriptional regulation of specific genes in target tissues. The first step
in steroid hormone action is ligand binding. This results in transformation of
the steroid-receptor complex from a loosely huclear bindiny form to a form
vhich is tightly bound in the cell nucleus (1,2). The molecular mechanism by
which the receptor molecule changes wpon ligand binding into a DNa-binding
protein which regulates gene trunscription is not conpletely clear.

Phosphorylation of the steroid receptor molecule wmight play an important role
in the mechanism of action of stercid hormones. Anple evidence has been
provided that steroid hormone receptors can exist in intact cells as
phosphoproteins (3-6). It has been postulated that an initial phosphorylation
step is necessary for the acguisition of the hormone binding capacity (7-8). A
second, hormone dependent, phosphorylation step might be invelved in the
transformation process and in the regulaticn of gene transcription (4,10,11).
Steroid receptor phosphorylation may resuit in receptor heterogeneity (4,12).
&n increased incorporation of [3%Pjerthophosphate and an upshift in apparent

2bbreviations: INCaP, Lymph Node Carcinoma of the Prostate; SDS-PAGE, sodium
dodecyl sulphate poly acryiamide gel electropnoresis.
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molecular mass on SDS—gels have been chserved after hormone treatment of
target cells for the progesterone, glucocorticoid, oestradiol and vitamin D
receptors (4,11-15).

It is not known whether phosphorylation of the androgen receptor mey also
ocar and might be involved in androgen action. With the recent development of
specific polyclonal (17) and monoclonal antibodies against a region within the
N-terminal domain of the human androgen receptor, tocls were provided to
investigate phosphorvlation of this receptor molecule. In the present study it
is shown that the androgen receptor in human INCaP cells is a heterogeneous
protein that migrates as a doublet on SDS-PAGE. In addition, the results

described herein provide evidence that the androgen receptor in these human
cells is phosphorylated.

MATERIALS AND METHODS

Materials

178-hydroxy-17c-[ SHmethyl—4 9, 11-estratrien-3-one ([3EJR1881) (87 Ci/mmol)
and radicinert R1881 wexe purchased from NEN-Dupont (Dreieich, F.R.G.).
Dihydrotestosterone was cbtained from Steraloids (Wilton, NH, USa).

Cell cuitine
The INCaP cell line was cultured as described previously (18). Two to four

days before use the cells were kept on redium containing 5% heat-inactivated,
¢harcoal stripped fetal calf serum.

Preparation of ruclear salt exiracts
The preparation of nuclesr salt extracts has heen described previously (17).

50 mM sodium fluoride and 10 md sodium molybdate were added as phosphatase
inhibitors to all buffers.

In_sity photolabeling, preperation of cell lveates and gel slicing have been
described elsewhere (18).

SDS~PAGE

SDS-PAGE was carried out according to Iaemmli (19) using 6% linear
polyacrylamide gels. High molecular weight markers (29,000-205,000 D,
Sigma,St. Iouis, MO, USA) were used as references for molecular weight
estimation.

Flucrograpghy

After SDS-PAGE, the slabgel was fixed in 50% methanol/10% acetic acid for 45
min and socked in Arplify (Amersham, Duckinghamshire, U.K.) for 20 min, dried
under vacum, and exposed to Hyperfilm-MP (Amersham) for 10 wecks at —80°C.

dotti autoradi
Western blot analysis, using $p06l antiserum in a 1:1000 dilution, has been
described previously (17). If receptor preparations were labeled with
[32pjorthophosphate, the filter was air-dried after colour development and

ex?os";eed to hyperfilmMp (Amersham) with two intensifying screens for & days at
-8 -

ig ing with [32PJorthorhosphate
¥or phosphorylation studies INCaP cells were preincubated for 1 hour at 37°C

with a solution of 118.3 WM NaCl, 4.75 m{ XCl, 25 mM NaHCO;, 1.2 mM NaSO,, 2.5
M CaCl,, 0.2% glucose, essential and non—essential amine acids (GIBD, Grand
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Islard, NY, USa) and glutamine (GIBCD) in appropriate dilutions at pH 7.3 and
subsequently incubated for 4 h with 0.2 mCi/ml [32P]crtm1:insphate (carrier—
free, Amersham). 30 min before the end of the incubation, R1881 (10 mM; final
concentration) or vehicle were added. After the incubation period muclear salt
extracts were prepared and androgen receptors were isolated Ly
Immmeoparification as described below.
A synthetic peptide, corresponding to the amino acids 301-320 of the human
androgen receptor (20) was coupled to kevhole limpet hemocyanin and used for
imminization. The same peptide has been successfully used for the generation
of polyclonal antibodies’ (17). A Balb/c mouse (12-weeks old) was immmized
subcutanecusly with the peptide conjugate; 3 times at 5 weeks intervals with
25 ug of the peptide conjugate in Specol (21). Fusion of approxdmately 108
spleen cells with 2.107 mouse myelom cells (SP2/0) was achieved with 40%
polyethiylene glycol 4000 (Merck) and 5% dimethyl sulfoxide. Fused cells were
cultured in RPMI~1640 medium in the presence of azaserine (1 pg/M) and
hypoxanthine (0.1 m¥). After 10 days hybridoma‘’s were cultured in RPMI-1640
medium containing hypoxanthine (0.1 mM). Hybridoma supernatants were screened
for reactivity with the peptide in an ELISA. Some positive cultures were
cloned by limiting dilution ard then plated out at one cell per well density.
£
200 pl hybridoma supernatant, containing moncclonal mouse anti-androgen
receptor antibodies, was mixed with 50 pl anti-mouse IgG-agarcse {packed gel)
(Sigma) and 150 ul phosphatetwiffered saline and incubated for 2 h at 4°C
urder constant rotation. Follewing centrifugation (10 sec, 2000 x g) the
superpatant was removed and the pellet was washed three times with TEDGF
buffer (40 mM Tris, 1 mM EDTR, 10% glycercl, 10 mM dithicthreitoi, 50 =M
sodium fluoride, 10 mM sodiwm molybdate, pH 7.4). A portion of 400 wl of the
mclear extract from [J2plorthophosphate labeled INCaP cells was added
together with 2 ml TEDGF buffer, containing 1% Triton X-100, 0.5%
desoxycholate and 0.08% SDS. The mixture was incubated for 2 h at 4°C under
constant rotation and washed 3 times with the incubation buffer, 3 times with
TEDGF kuffer containing 0.4 M NaCl and 0.2% Triton %~100, and 3 times with
TEDGEF huffer without further additions. The pellet was mixed with 100 pl
sample buffer (40 M Tris, pd 6.8, 5% glycerol, 2% SDS, 10 mM DIT), boiled for
2 min and centrifuged (2000 x g, 5 min). The supernmatants were subjected to
SDS~FPAGE.

RESULTS

INCaP cells were photolabeled with the synthetic androgen [3H]R1881 in the
presence or absence of a 100-fold wmolar excess of unlabeled
dihydrotestosterone. After photolabeling cell lysates were prepared and
analyzed by SDS-PAGE. Gel slicing revealed that two proteins of 110 kD and 43
kD were lobeled covalently with [3HJRI881 (Fig- 1A and ref.i8). The
radiolzbeled 110 kD protein represents the humn androgen receptor (18).
Fluorograpghy after SDS-PAGE of lysates prepared from photolabeled INCaP cells
revealed that the androgen receptor migrated as a closely spaced doublet
around 110 kD {Fig. 1B). Further evidence for heterocgeneity of the androgen
receptor was obtained after Western blotting of a similar receptor preparation
(Fig. 1C). Most of the androgen receptor protein was present in the higher
molecular weight form according to the difference in intensity between the two
bands. (Figs. 1B and 1C).
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SDS-PAGE of the androgen receptor from INCaP cell lysates.

A: The cells were incubated for 1 h with 10 nM [2H]R1881 in the presence
(® ) or absence ( O ) of a loo-fold molar excess of dihydrotestosterone
and were photolabeled. Cell lysates were analyzed on SDS-PACE. Gel siices
were counted for radicactivity.

B: Filuorography of androgen receptor in lysates, prepared after incumation
of the cells with 10 n¥ [“HIRI881 for 1 h and subseguent photolabeling in
situ.

C: Immmoblot of the androgen receptor in cell lysates prepared after
incubation of the cells with 10 nM R1881 for 1 h.

Whether the relative amounts of the isoforms change during hormonme treatment
was investigated by analyzing the receptor patterm at different times

following the administrationm of 10 nM R1881 to LNCaP cells. Fig. 2 shows a

Elgure 2
Fluorography after SDS-PAGE of andragen in lysates prepered from

photelabeled INCaP cells. The cells were incubated for 10-120 min with 10 nM
(°H]R1881 before photclabeling.
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®

Figure 3
Westarn blot of androgen receptor in INCaP cell lysates after esposure of the
cells for 0-240 min tc 10 nM R13sl.

Figure 4
Western blot (43) and autoradiogram (432 of androgen receptor immmnopurified
from muclear extracts of R188l—treated '‘lanes 1 ard 2) or wtreated (lane 3)
INCaP cells. The cells were incubated with 0.2 mCi/ml [32p)orthophosphate for
4 h either in the presence or absence of RiI8S81. Androgen receptors were
immmopurified using a specific monoclonal antibody (lanes 2 and 3) or
renspecific mouse IgG (lane 1) and analyzed after SDS-PAGE and Western
blotting. EBEgual amounts of protein from muclear extracts were used for
irmmeparification in all cases. The immmncblot was autcradiographed.

flucrogram of lysates of INCaP cells that were photolabeled with [3H]R1881 at
10-120 min after hormone administration. 2 pronounced time-dependent change in
the ratio of the receptor isoforms in the presence of R1881 could not be
detected. The relatively low intensity of photolabeling at 10 min after
[3H]R1881 administration might be due to incomplete labeling of the androgen
receptor. Based on additional experiments, labeling of the androgen receptor
was optimal 30 min after administration of 10 nM [JHJRISSL to INCaP cells.
Western blot analysis of lysates, prepared from LNCaP cells after incubation
with 10 DM R1881 for different time pericds up to 240 min, also revealed no
time dependent changes of the ratic between the androgen receptozf iscforms
(Fig. 3).

Since isoforms of other steroid hormone receptors appear to be due to
differences in their phosphorylation states, it was investigated whether the
androgen receptor is also a phosphoprotein. To this end INCaP cells were
incubated with [3?Plorthophosphete in the presence or ahsence of R1881.
2ndrogen receptors were isolated from muclear extracts with a specific
moncclonal antibody and subsequently amalyzed by SDS-PAGE, Western blotting
and autoradiography (Fig. 4). Fig. 42 shows that from nuclear extracts of
cells incubated in the absence of R1881, only a very small amsmt of androgen
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receptor could be immmopurified (lane 3), whereas mach more androgen receptor
could be isolated from muclear extracts of RlS8l-treated cells (lane 2). Using
a nonspecific mouse IgE no androgen receptor was isolated (lame 1). as showm
by autoradiography (Fig. 4B) the specific monoclonal antibedy precipitated a
[32P]labeled 110 KD protein from nuclear extracts of R188l-treated cells (lane
2), which was not isclated using a nonspecific mouse JIgG (3ane 1). From
mclear extracts prepared from cells not treated with R1881, a very faint
phosphorvlated protein band of 110 kD was precipitated with the specific
monocloral antikedy (lane 3).

DISCUSSTON

The results presented herein show that the human androgen receptor migrates as
a doublet around 110 kD on SDS-PAGE. The doublet was detected at the protein
level (using Western blot analysis) and at the steroid binging level (using
fluoregraghy), which indicates that both isoforms bind ligand. In addition
strong evidence is provided that the human androgen receptor is a
phosphoprotein. First, the phwosphorylated protein was precipitated
specifically using a monoclonal antibody raised against the human androgen
receptor. Secord, the immmopurified protein co-migrated with the 110 XD
andregen receptor on SDS-PAGE. Third, the presence of the phosphoryiated
protein in nuclear extracts of INCaP cells was hormone deperdent. Iscoforms of
other steroid hormone receptors reflect differences in their phosphoryiation
states. The heterogeneous properties of the androgen receptor found in the
present irvestigation might also be due to differentially phosphorylated
androgen receptor forms. This variability may reflect differences in the
extent as well as in the sites of phosphoryiation (22,23).

A time dependent upshift in apparent molecular weight, as shown for the
progesterone, estradiol and vwvitamin D receptors after ligand kinding
{12,15,16) was not chserved for the androgen receptor upon R1881 treatment of
INCaP cells. This might indicate that phosphorylation of the androgen receptor
in INCaP cells does not change markedly after ligand hinding. Possibly,
ligand-induced phosphorvlation of stereid hormone receptors is cell specific,
as may be suggested on basis of resulte on the glucocorticoid receptor
11,14,24).

Within 30 min after Ri881 administration to the INCaP cells the androgen
receptor was transformed to the tight nuclear binding form and could be
recovered completely from nuclear extracts. Prolonged exposure to R1881 did
not result in the extraction of more androgen receptor (not shown). In the
absence of ligand estradiol and progesterone recgptors are loosely bound to
the mucleus, while wntransformed glucocorticoid receptor is present both in
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the mucleus and in the cytoplasm (25-28). These refeptor proteins are
recovered from the cytosol after cell fractionation in the absence of ligand.
The subcellular localization of the androgen receptor in the absence of
hormone is still not known. In the present irnwestigetion a small amount of
androgen receptor was extracted from nuclear salt extracts of cells that were
not treated with R1881, as shown using Western blot analysis. Presemtly it is
not clear whether this small amount of androgen receptor reflects a more
tightly bound nuclear receptor population or represents a residual fraction
associated to the mxcleus due to incomplete washing of the muclei.

The present experiments with [32plorthorhosphate indicate that the transformed
androgen receptor recovered from nuclear extracts of R188l-treated INCaP cells
is a pheephoprotein. It remains to be investigated whether the untransformed
androgen receptor is also phosphorylated. .The function of androgen receptor
rhoesphorvlation remains to be elucidated, bt micht be essential for ligend
binding (7-9) or transcriptional regulation (4,10,11).
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Phosphorylation of the androgen receptor was inves-
tigated in the absence of hormone as well as during
and after transformation of the receptor to the tight
nuclear binding form. Human prostate twmor cells
(LNCaP) were labeled for 4 h with [**PJorthophosphate
in the presence or absence of steroid. Subsequently,
androgen Teceptors were immunoprecipitated either
from total cell lysates ox from nuclear extracts using a
specific monoclonal antibedy. The immunoprecipitated
receptor preparations were analyzed by sodium dode-
eyl sulfate-polyacrylamide gel electrophoresis, West-
ern blotting, using a polyclonal antiserum, and auto-
radiography. It was observed that the androgen recep-
tor is already phosphorylated im the absence of
hormeone, but undergoes a hormone-induced additional
phosphorylation, After administration of 10 =nm
R1881, a L.B-fold increase in phosphorylatiom over
nonstimulated control cells was reached. Moxreover, the
amount of nuclear extractable androgen receptor was
increased; the acquisition of tight nuclear binding ca-
pacity was accompanied by hormone-induced roceptor
phosphorylation,

Phosphorylation of steroid hormone receptors is thought to
be invelved in the regulation of stercid hormone action. Ample
evidence has been provided that the progesterone, glucocor-
ticoid, and estradiol receptors exist as phosphoproteins in
intaet cells (1-4). It has been showz that phosphorylation of
the estradiol veceptor from calf uterus is Indispensable for
ligand binding (5). In addition, indications for a role of phos-
phorylation in the acquisition of ligand binding capacity were
provided for estrogen, progesterone, glucocorticoid, and an-
drogen receptors {6~11).

Steroid hormone receptors are thought to be mainly nuclear
proteing (12-14). In the absence of hormone, the receptor
proteins are lopsely bound in the nucleus and fractionate into
the cytosol. Hormone binding initiates the process of receptor
transformation. Thig results eventually in specific binding of
the steroid-receptor complex to hormone-responsive elements
of steroid-regulated genes and in transcriptional regulation
(15, 16). In vitro, the transformation process ¢an be menitored

* This work was supported by Grant 900-546-057 from the Dutch
Organization for Scientific Research. The cests of publication of this
article were defrayed in part by the payment of page charges. This
nrticle must therefore be hereby marked “advertisement™ in accord-
anee with 18 U.S.C. Section 1734 solely o indicate this fact.

€ To whem correspondence and reprint requests sheuld be sent:
Dept. of Biochemistry II, Medical Faculty, Erasraus University, P. O,
Box 1738, 3000 DR Rotterdarn, The Netherlands.

by an increased affinity for nuclei and a concomitant decrease
of receptor protein recovered in the eytosol fraction (10).

Additional phosphorylation of estradiol, progesterone, glu-
cocorticoid, and vitamin D receptors has been observed upon
hormone binding (2, 17-21). The hormone-deperndent phos-
phorylation might be involved in the process of receptor
transformation or in transcriptional regulation (2, 19, 20).
The hormone-induced phosphorylation step has no influence
on down-repulation of progesterone and glucocorticoid recep-
tors (2, 19).

The androgen receptor is structurally related to other ste-
roid hormone receptors (22-24). However, little is known
about phosphorylation of this receptor protein. It has been
shown that the hormone-binding capacity of the androgen
receptor from rat ventral prostate was logt in ATP-depleted
cells, and that androgen-binding activity could be regained
when ATP levels were restored (10). In addition, in cell-free
systems, inhibition of endogenous phosphatase activity was
correlated with inereased hormone-binding activity of the
androgen receptor (11}, These data sugpgest that arndrogen
receptor phosphorylation is required for hormone binding.

In a previous study {25) we have shown that the androgen
receptor-hormone complex, when immuneprecipitated from
nuclel of human prostate carcinoma cells (LNCaP),! was
phosphorylated, In the present repors, the kinetics of hor-
mone-dependent androgen receptor phosphorylation is de-
seribed. The results indicate that the androgen receptor exists
as a phosphoprotein in hormone-depleted LINCaP cells. A 1.8~
fold increase in androgen receptor phosphorylation was ob-
served after sdministration of androgens to LNCaP cells.
This hormone-dependent phosphorylation is accompanied by
transiormation of the receptor protein to the tight nuclear
binding form.

EXPERIMENTAL PROCEDURES®

RESULTS

Androgen Receptor Turnover Time—The incubation period
with [®Plorthophosphate which is required to achieve steady
state labeling of the androgen receptor in LNCaP cells was
investigated. First, pulse-chase experiments were performed
to determine the half-life of the androgen receptor. LNCaP
cells were cultured for 2 h in the presence of 10 nm [FH]R1881

! The abbreviations used are: LNCeP, lymph node carcinoma of
the prostate; SDS, sodium dodecy sulfate, R1881, 178-hydroxy-17 -
methyl-estra-4,9,11-trien-3-one.

#“Experimental Procedures” arc presented in miniprint at the end
of this paper. Miniprint s casily read with the aid of a standard
magnifying glass. Full size photocopies are included in the mucrofitm
edition of the Journal that is available from Waverly Press.
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and subsequently UV irradiated to Jink the androgen receptor
covalently to the radiolabeled ligand. Cells were exposed to a
chase of 1¢ nM unlebeled R1881 for 0.5, 1, 2, 3, or 4 h and
lysed subsequently. The amount of covalently labeled andro-
gen receptor was quantified after SDS-polyacrylamide gel
electrophoresis by get slicing and counting of radicactivity in
the individual gel slices. Fig. 1 summarizes three separate
pulse-chase experiments. It was observed that 50% of cova-
lently labeled androgen receptor disappeared during the chase
period within 2-2.5 h. The total amount of androgen receptor
did not change during the 4-h incubation period with [*H)
R1881 after UV irradiation of the cells (Fig. 1), which indi-
cates synthesis of new receptor protein under the experimen-
tal conditions. Based on the observed receptor half-life of 2—
2.5 h, the phosphorylation studies were performed using a 4-
h metabolic labeling period with P*Plorthophosphate. This 4-
h period allows turnover of a large fraction of the androgen
receptor.

Hormone-independent Androgen Receptor Phosphoryia-
tion—1It has been shown previously that the androgen receptor
is phosphorylated in hormone-treated LNCaP cells (25). In
the present study phosphorylation of the androgen receptor
in hormone-depleted LNCaP cells was alse investigated, Cells
were incubated for 4 k with [*Plorthophosphate, followed by
immunoprecipitation of the androgen receptor from the cy-
tosol fraction using an androgen receptor-specific monoclonal
antibody (F39.4). As a control, nonspecific mouse IgG was
used. Immunoprecipitated proteins were separated by SDS-
polyacrylomide gel electrophoresis and subjected to combined
immuneblotting and autoradiogruphy. In Fig. 2, it is shown
that the 110-kDa androgen receptor was phosphorylated in
the absence of hormone.

Hormone-dependent Androgen Receptor Phosphorylation—
Ir Fig. 34, the effect of R1881 treatment on the phosphoryi-
ation status of the androgen receptor is shown. In this exper-
iment, the LNCaP cells were incubated for 4 h with [*P]
orthophosphate; increasing concentrations of R1881 (0.1, 1,
and 10 nM) were added 30 min before the end of the incubation
with the radiolabeled phosphate. The sndroger receptor was
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Fic. 1, Turnover of androgen receptor, covalerntly labeled
with [PH]R1881, in LNCaP cells. LNCaP cells were incubated
with 10 nM [FH]R1881 fer 2 h at 37 “C and subsequently UV irradi-
ated. Medium was removed and then cells were either exposed to 10
nM unlabeled R1881 for 0.5, 1, 2, 3, and 4 h (O} or to 10 nM [*H]
R1881 for 0, 0.5, or 4 h (@). Cells which were incubated with radio-
labeled R1881 were UV irradiated again. Lysates were prepared, and
after clectropheresis the 110-kDa receptor bands were excised and
aubjected to liquid scintillation spectrophotometry ns described under
“Experimental Procedures.” The solid fine is based on the mean of
the datz a1 0.5, 1, and 2 h.
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FiG. 2. Hormone-independent arndrogen receptor phos-
phorylation. LNCaP cells were incubated for 4 h with [*Plortho-
phosphate (0.15 mCifml): Androgen receptor was immunoprecipi-
tated from ¢viosol with the $39.4 monoclonal antibody (lzne 2) or
nouspecific mouse IgG waos used (fane 1). Isclated proteing were
separated on a 7% SDS.polyacrylamide gel, transferred to nitrocel-
lulose, and probed with Sp061 polyclonal rabbit antiserum and an
alkaline phosphatase-copjugated second antibedy, respectively. The
Western blot (Panel B) was used for autoradiography {Panel A).

F1c. 3. Hormone-dependent sndrogen receptor phosphoryl-
atioa. LNCaP cells, cultured for 4 b with [FPlorthophosphate (0.15
mCi/mi), were incubated in the absence ({ane 7) or presence of 0.1
(lane 2}, 1 (fane 3), or 10 nM (lznes 4 and 5) R1881. R1881 was added
30 min before the end of the incubation with radiolabeled phosphate.
Receptors were immunoprocipitated from total cell lysates with the
F39.4 moneclonal antibody (lares I-4) or nonspecific mouse 1gG was
used (lane §). Isolated proteins were separated on a 7% SDS-poly-
acrylamide gel, transferred to nitreceliulose, and probed with Sp061
antiserum and an alkaline phosphatase-cenjugated second antibody,
respectively. The Western blot (Panel B) was used for autoradiogra-
phy (Panel A).

isolated from total cell lysates using the F39.4 monoclonal
antibody. It was observed that R1881 treatment resulted in
additional receptor phosphorylation; 0.1 nM R1881 already
increased phogphorylation and the phosphate content was
further increased with 1 and 10 nm R1881. The R1881-
induced increase in phosphate content of the androgen recep-
tor is specific for this protein, because nonspecifically precip-
itated proteins showed no imcrease in phosphorylation level
(Fig. 34). Treatment of LNCaP cells with R1881 did not
affect the androgen receptor protein level, as is shown on the
corresponding Western blot (Fig. 38).

In the next experiment, phosphorylation of the androgen
receptor was studied as a function of time after addition of 10
oM R1881 to LNCaP cells. The cells were incubated for 4 h
with [*PJorthophosphate; 10 nM R1881 was added at different
times during the incubation with the radiolabeled phosphate.
As shown in the autoradiogram (Fig. 4A4), a small increase in
phosphorylation of androgen receptor was observed after in-
cubation of the cells with R1881 for 5 min. Maximal phos-
phorylation was reached 15 min after R1881 administration.
On the corresponding Western blot (Fig. 4B) it is shown that
the level of receptor protein remained unchanged during the
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F1G, 4. Time course of R1881-dependent androgen receptor
phosphorylation, LNCaP cells were incubated for 4 h with [¥P]
orthophosphate (2.15 mCi/ml) in the sbsence (lane 1) ox presence of
10 ni R1881. The ligand was added 5 {lare 2), 15 (lene 3), 30 (lanes
4 and §), or 240 (lane 5) min before the end of the 4-h labeling period.
Androgen receptor was immunoprecipitated from total cell lysates
using F39.4 monoclonal antibody (lanes I-5) or nonspecific mouse
IgG (lene 6). Isolated proteins were separated by 7% SDS-polyacryl-
amide pel electrophoresis and transferred to nitrocellulose. The nitro-
cellulese sheet was incubated with the Sp061 antiserum and with an
alkaline phosphatase conjugate of goat anti-rabbit antibody, respec-
tively. The Western blot {Penef B) was subjected to autoradiography
{Panel A)-

TasLe 1
Ligand-dependent phosphorytation of the androgen receptor

LNCaP cells were incubsted for 4 k at 37 °C with [*Pjorthophos-
phate (0.15 mCi/ml). 30 min before the ead of the labeling, steroids
were odded to a final concentration of 10 nM. Androgen receptors
were immunoprecipitated from total cell lysates using the F39.4
mongclonal antibody, Isolated proteins were subjected to SDS-poly-
acrylamide gel electrophoresis and Western blot analysis. The nitro-
¢ellulose sheet was incubated first with the Sp061 rabbit antiserum
and then with "*I-protein AL After color developrsent, she 110-kDa
receptor bands were excised and subjected to liquid scintillation
counting with o double label setting for **I and *P. P incorporation
was normalized to **{ and within each experiment compared to the
normalized ir ~orporation of the receptor protein from ¢ells not in-
cubated with steroid (control) to obtain the relative phosphate con-
tent. The mean = standard devistion from three independent deter-
minations are given.

Stimulation of

Ligand phosphorylation
{rn=23)

mean & 5.d,
R1381 1.81 = 0.05
Dihydrotestosterone 1.81 = 0.17
Progesterone 1.62 = 0.06
Estradiol 1.28 = 0.08
Triamcinolone acetonide 1.02 = 0.07

incubation with R1881, indicating that the increased amount
of phosphorylation is not due to an increased level of receptor
protein.

Sterotd Specificity of Hormong-dependent Androgen Recep-
tor Phosphorylation—Recently it was shown that the andro-
gen receptor in LNCaP cells also has binding affinity for
progesterone and estradiol (29). Therefore, 1t was investigated
whether there is a correlation between binding of different
steroids and steroid-induced receptor phosphorylation. To
this end, the extent of phosphorylation of androgen receptor
from cells incubated in the présence or absence of different
steroids (10 nM} was determined with & quantitative Western
blot assay, in which both the amount of receptor protein and
receptor-specific P were assayed. The ratio of the relative
phosphate content of androgen receptor isolabed from stercid-
treated cells to that from control cells ia shown in Table I.
Compared to the phosphate content of androgen receptors in
cells not incubated with stercid, androgen receptor phos-

Androgen Receptor Phosphorylatior. and Transformation

phorylation increased 1.8-fold after administration of R1881
or dihydrotestosterone. Progesterone increased phosphoryla-
tion with a factor of 1.6, while estradiol induced a minor
increase in the extent of receptor phosphorylation. Triamci-
nolone acetonide, which does not bind to the androgen recep-
tor, and had no effect on androgen receptor phosphorylation
(Table I).

Receptor Transformation-It was investigated whether hor-
mone-induced phosphorylation and transformation ¢oincide,
or whether these processes can be separated in time. Trans-
formation, characterized by an accumulation of nuclear ex-
tractable androgen receptor, and phosphorylation of the
transformed (nuclear extractable) androgen receptor were
investigated as a function of time after the addition of R1881

“to LNCaP cells. It is shown on the Western blot {Fig. 58)

that incubation of the cells with R1881 for 5 min increased
the amount of puclear exteactable androgen receptor signifi-
cantly. Incubation of the cells for 15 and 30 min with R1881
resulted in higher phosphate (Fig. 34 ) and protein levels (Fig.
5B) of nuclear extractable androgen receptor. Using the quan-
titative Western blot assay as deseribed under “Experimental
Procedures,” it was determined that the P to **] ratio of
nuclear extractable androgen receptor was identical after in-
cubation of the cells for 5, 15, and 30 min with R1881 (Table
II). The low level of nuclear receptor protein In the absence

Fi1G. 5. R1881-dependent phosphorylation and transfor-
mation of androgen receptor in LNCaP cells. LNCaP cells were
cultured at 37 *C with [“Plorthopbosphate (0.15 mCi/ml) in the
absence {lane ) or presence of 10 nM R1881, which was added 5 (lane
2}, 15 {lane 3}, or 30 {lane 4) min before the end of the incubation
with radiclabeled phosphate, Androgen receptor was immunoprecip-
itated from nuclear extracts and analyzed by SDS-polyacrylamide gel
clectropharesis and Western blotting. The Western. blot was used for
autoradiography (Panel A), After autoradiography, the nitrocellulose
paper was incubated first with Sp061 pelyclonal antiserum, then with
'#1.1abeled protein A, and finally with an alkaline phosphatase con-
jugate of goat anti-rabbit IgG {Pans! B).

TasLE II
R1881-dependent phosphorylation and transformation of the
androgen reccpior in LNCaP cells

The experiment was performed as deseribed in the legend of Fig.
5. After color development, 110-kDa receptor bands were excised and
subjected to liquid seintillation eounting with a double label setting
for ‘] and *P. The =P to ™I ratios of two independent expetiments
are presented.

In¢abation time TP ratio
with R8st Experiment 1 Experiment 2
min
[ — e
5 0.0057 0.0056
15 0.0085 0.0053
30 0.0060 0.0062

o Not measurable because of low amounts of androgen receptor
protein.
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of hormone did not allow an accurate determination of the
P to ] ratio at ¢ min.

DISCUSSION

In a previous investigation it was established that the
transformed human androgen receptor in nuclear extracts of
hormone-treated LINCaP cells is phosphorylated (25}. In the
present study it is shown that the androgen receptor is also
phosphorylated in cells not treated with hormone. However,
the androgen receptor in LNCaP cells undergoes additional
phosphorylation after hormone administration. Hormone-de-
pendent phosphorylation has been demonstrated for proges-
terone, glucocorticoid, and estradiol receptors as well (2, 17-
20). The relatively high rate of androgen receptor phosphoryl-
ation after administration of R1881 to the cells suggests that
pre-existing, rather than newly synthesized receptors,
undergo the hormone-dependent phosphorylation step.

Recently a point mutation was detected within the steroid-
binding domain of the androgen receptor in LNCaP cells.”
This mutation might be respensible for the unusually broad
binding specificity towards different stercid hormones (29).
Not only androgens, but also progesterone and estradiol can
bind to this receptor protein. In the present study, it is shown
that these steroids are able to induce additional androgen
receptor phosphorylation as well. Hormone-induced phos-
phorylation is restricted to steroids which are bound to the
androgen receptor. The phosphorylation status of the andro-
gren receptor remained unchanged when [P lorthephosphate-
labeled LNCaP cells were incubated with trigmeinolone acet-
onide, a synthetic plucocorticold which does not bind to the
androgen receptor. Incubation of the cells with 10 nM estradiol
increased androgen receptor phosphorylation to a lesser ex-
tent than progesterone or androgens, which were added in the
same concentration. This might be due to the relatively lower
affinity of the LNCaP androgen receptor for estradiol (Ky
approximately 16 nM) (29).

With pulse-chase experiments using covalently labeled an-
drogen receptor, it was determined that the androgen receptor
in LNCaP cells is a rapidly turning over protein with & half-
life of 2-2.5 h. A similar strategy has been followed to deter-
mine estradiol receptor half-life (30). It was shown that co-
valent labeling of estradiol receptor did not affect the half-
life of this receptor protein. The half-life of the androgen
receptor in LNCaP cells is in good agreement with estradiol
receptor half-life, which ranges from 2 to 4 h in different
studies (30-32), but half-lives of 12 and 20 h were cbserved
for progesterone and glucocorticoid receptors, respectively
(33, 34).

For phosphorylation studies, LNCaP cells were cultured for
4 h in the presence of [*’Plorthophosphate, which allowed
almost complete turnover of the androgen receptor during the
incubation period of the cells with radioclabeled phosphate.
Steady state labeling of the andregen receptor excludes the
possibility that the ohserved increase in [*°P] content of the
androgen receptor after hormone treatment jis due to an
increased receptor turnover or to an increased turnover of
incorporated phosphate, rather than to additional phos-
phorylation.

Admirnistration of R1881 to LNCaP cells resulted in an
increase of nuclear extractable androgen receptor. The phos-
phate to protein ratio of androgen receptor, that could be
extracted from nuclei 5, 15, and 30 min after R1831 admin-
istration to LNCaP cells, stayed constant. This indacates that

3Veldscholte, J., Ris-Stalpere, C., Kuiper, G., Jenster, G., Berre-
voets, C., Clanssen, E., van Rooyj, H., Trapman, Y., Brinkman, A..
and Mulder, E. (1991) Bischem. Biophys. Res. Commaun., in press.
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the hormone-dependent phosphorylation step occurred before
or during transformation to the tight nuclear binding form,
but not after transformation. Recently it has been reported
that the androgen receptor is a nuclear protein (14). In the
absence of hormone, the receptor protein is loosely bound in
the nucleus and fractionates with the cytosol upen homoge-
nization of the cells {10). It was observed that some androgen
receptor protein fractionated with nuclei of cells which were
not incubated with hormone. These androgen receptors might
possibly represent untransformed androgen receptor or a
processed androgen receptor form. Since the nature of this
receptor fraction is not known, the phosphate level of this
androgen receptor protein, although isolated from cells not
incubated with hormone, cannot be considered as the basal
phosphorylation level of the nuclear androgen receptor.

The protein kinase(s) which are involved in phosphoryla-
tion of the androgen receptor have not yet been identified. It
cannot be excluded that hormone-dependent phosphorylation
of the androgen receptor requires a different protein kinase
from that involved in hormone-independent phosphorylation.
The fact that hormone-dependent phosphorylation occurs
rapidly following hormone administration indicates that the
kinase invelved in this process is already present in the cell.
Hormone binding may cause 2 conformational change in the
receptor molecule making it a substrate for the specific kinase,
It is alse possible that the kinase itself is present in an inactive
form in the absence of steroid. Binding of the steroid-receptor
complex to the protein kinase might be a mechanism for
activation of protein kinsase activity, as has been suggested
for the specific kinase involved in basal phosphorylation of
the estradiol receptor in calf uterus (17).

It has been shown that progesterone and glucocorticoid
réceptors are phosphorylated exelusively on serine {2, 35)
while the estradiol receptor from calf and rat uterus is phos-
phorylated on tyrosine (4). Phosphorylation sites of proges-
terone and glucocorticoid receptors are predominantly local-
ized on the N-terminal half of the receptor molecules {18, 35-
37} but the exact location of phosphorylated sites is still not
known. Studies will be carried out to identify which amino
acid residues are phosphorylated on the androgen receptor.
In addition, the location of the phosphorylated amino acid
residues with respect to the functional domains of the andro-
gen receptor and thelr role in the mechanism of action of the
androgen receptor remain to be elucidated and will be the
subject of further studies.
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SUPPLEMENTAL MATERIAL TO
HORMONE-DEPENDENT ANDROGEN RECEPTOR PHOSPHCRYLATION IS
ACCOMPANIED BY RECEPTCOR TRANSFORMATICON IN HUMAN LNCaP CELLS

Materials

17B-hydroxy-17a-methyl-4,9,11-estratrien-3-one (PH]R1881) (87 Ci/mmol) and radioinert
R1881 were purchased from NEN-Dupont (Dreieich, FR.G.). Other steroids were
obtained from Steraloids (Wilton, NI, USA).

Cell culture

The LNCaP cell line (derived from a fast growing colony of a Lymph Node Carcinoma
of the Prostate) was a gift from Dr. Horoszewicz (26). The cells were cultured in plastic
Nunc flasks at 37 °C in RPMI 1640 culture medium, with added glutamine, streptomyein,
penicillin and 7.5% (v/v) heat-inactivated fetal calf serum in a humidified atmosphere of
5% CO, in air. Two to four days before use of the cells, medium with 7.5% (v/v) heat-
inactivated fetal calf serum was replaced by the same medium, but containing 5% heat-
imactivated charcoal-stripped fetal calf serum. LNCaP cells between the 67th and 72th
passage in vitro were used for the present studies.

Metabelic labeling with [*Plorthophosphate

For phosphorylation studies, LNCaP cells were preincubated for 1 h at 37 °C with a
phosphate-free Krebs-Ringer buffer at pH 7.3 (118.3 mM NacCl, 4.75 mM KCl, 25 mM
NaHCO,, 1.2 mM Na,50,, 2.5 mM Ca(Cl,), containing 0.2% (w/v) glucose. Subsequently,
cells were cultiured in phosphate-free Krebs-Ringer buffer in the presence of 0.2% (w/v)
glucose, essential and non-essentizl amino acids, according to Eagles Minimum Essential
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Medium formulation (GIBCO, Grand Island, NY, US.A), and 0.15 mCi/ml
[Plorthophosphate (carrier-free; Amersham, Cardiff, UX.). During the labeling with
[**Plorthophosphate, cells were incubated either in the absence or presence of steroid.

Preparation of nuclear extracts

Approximately 60 x 10° cells were collected in 5 ml of buffer A (pH 7.4) (40 mM Tris-
HCL 1 mM EDTA, 10% glycerol (v/v), 10 mM dithiothreitol, 10 mM Na,MoO,, 50 mM
NaF, 0.6 mM phenylmethylsulfonyl flnoride, 0.5 mM bacitracin) at 4 °C, and centrifuged
(5 min, 80C x g). The pellet was resuspended in 2 ml buffer A and homogenized with 2
glass/Teflon homogenizer on ice (6 strokes at 1100 rpm). The homogenate was
centrifuged at 800 x g for 10 min at 4 °C. The pellet was washed with buffer A (pH 74)
containing 02% (v/v) Triton X-100, and then with buffer A without additions. The
nuclear pellet was resuspended in buffer A (pH 8.5) in the presence of 0.4 M NaCl, and
extracted for 1 h at 0 °C. The sample was centrifuged at 105,000 x g for 30 min. The
androgen receptor was precipitated from the supernatant.

Preparation of cytosol
Approximately 60 x 10° cells were collected in 5 ml PBS at room temperature. Cells were
cenirifuged at 100 x g for 5 min and homogenized with a glass/Teflon homogenizer on

ice (6 strokes at 1100 rpm). The cytosol was prepared by centrifugation of the
homogenate at 105,000 x g for 30 min at 4 °C.

Preparation of cell lysates

After labeling with [*PJorthophosphate, cells were washed with PBS and lysed
subsequently in buffer A, containing 1 % (v/v) Triton X-100, 0.5 %% (w/v) sodium
deoxycholate and 0.08 9 (w/v) SDS, at 0 °C under constant stirring during 10 min, Per
107 cells 800 il of the lysis buffer was used. The lysate was centrifuged (10 min, 1700 x g)
and androgen receptor was immunoprecipitated from the supernatant.

Immunoprecipitation

80 gl hybridoma supernatant, containing either monoclonal mouse anti-androgen
receptor antibodies (F39.4) (25) or nonspecific mouse IgG, was mixed with 20 pl anti-
mouse IgG-agarose (packed gel) (Sigma, St Louis, MO, U.S.A)) and 200 gl PBS. The
mixture was incubated for 2 h at 4 °C using end-over-end rotation. Following
centrifugation (10 sec, 2000 x g), the supernatant was removed and the agarose beads
were washed three times with buifer A. Portions of 400 ul cell lysate or nuclear salt
extract from *P-labeled cells were added and the mixture was incubated using end-over-
end rotation for 2 h at 4 °C. Under these conditions, the addition of more F394
monoclonal antibody-bound agarose beads did not result in binding of more androgen
receptor. After centrifugation for 10 sec at 2000 x g the agarose-antibody-receptor pellets
were washed 3 times with buffer A, containing 1% (v/v) Triton X-100, 0.5% (w/v)
sodium deoxycholate and 0.08% (w/v) SDS, 3 times with buffer A in the presence of
02% (v/v) Triton X-100 and 0.4 M NaCl and 3 times with buffer A without further
additions. The pellet was mixed with 70 pl sample buffer (40 mM Tris-HCL, pH 6.8, 5%
(v/v) glycerol, 2% (w/v) SDS, 10 mM dithiothreitol, 0.2% (w/v) bromophenol blue),
boiled for 2 min and centrifuged (2000 x g, 2 min). The supernatants were subjected to
SDS-polyacrylamide gel electrophoresis.
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SDS-polyacrylamide gel electrophoresis, Western blotting and autoradiography
Immusopurified [*P]orthophosphate-labeled receptor preparations were separated on
7% SDS-polyacrylamide gels according to Laemmbh (27). High molecular weight markers
(26 - 205 kDa, Sigma) were used as references for molecular weight estimation. After
electrophoresis, the slab gels were positioned on nitrocellulose paper {Schieicher and
Schuell, 0.45 pm) and placed in a Bio-Rad Trans-Blot cell (Richmond, CA, US.A)),
filled with 165 mM Tris/150 mM glycine/20% (v/v) methanol (pH 83). The transfer
was performed at 9 °C using 70 V for 17 h. The paper was incubated with an androgen
receptor-specific polycional rabbit antiserum (Sp061) (28), diluted 1:1000 in PBS/0.05%
{v/v) Tween 20 (PBS-Tween) for 1 h at room temperature, washed 4 times for 10 min
each with PBS-Tween, and incubated subsequently with alkaline phosphatase-conjugated
goat-anti-rabbit IgG (Sigma), diluted 1:1000 in PBS-Tween. After washing of the
nitrocellulose paper, the antibody complexes were stained with a solution of 0.3% (w/v)
4-aminodiphenylamine diazonium sulphate (Sigma) and 0.1% (w/v) naphtol phosphate
(disodiumn salt) (Sigima) Inm 0.2 M Tris-HCI, pH 9.1, contzining 10 mM MgCL.
Subsequently, the filter was air-dried and exposed to Hyperfilm-MP (Amersham) with
two Intensifying screens for 18 h at -80 °C.

Iodination of Protein A

5 ug protein A was incubated for 15 min on ice with 3 gl Na'®1 (300 uCi) and 20 mg
Protag (Baker, Phillipsburg, NJ, USA) in 1 mi 10 mM H;BO,-NaOH, pH 82,
containing 0.9% NaCl. The mixture was subsequently applied to 2 PD-10 desalting
column (Pharmacia, Uppsala, Sweden), which was pre-equilibrated with PBS in the
presence of 1% KI. The column was eluted with the equilibration buffer and the protein
fraction eluted from the column was pooled.

Measurement of receptor-specific phosphate levels

To determine the ratio of ¥P-label to recepior protein levels, immunoprecipitated
[*Plandrogen receptors were subjected to SDS-polyacrylamide gel electrophoresis and
transferred to nitrocellulose as described herein. Imcubation of the nitrocellulose sheet
for 1 b at room temperature with the polyclonal antiserum was followed by incubation
with I-Protein A (6 x 10° dpm in 20 ml PBS-Tween) for 1 h at room temperature. The
nitrocellulose sheet was washed 3 times 10 min with PBS-Tween. The antibody-receptor
complex was incubated for 1 h with alkaline phosphatase conjugated goat-anti-rabbit
IgG. After colour development, each lane was cut into 2 mm slices. The slices were
dissolved in 1 ml of a mixture of 8% (v/v) Triton X-100 and 8% (v/v) 4-
azaheptametbylenediamine in water for 18 h at room temperature, and mixed with 10 ml
Ultima Gold (Packard, Downers Grove, IL, U.S.A.). ®¥P and I radioactivities in the
individual slices were measured in a Packard scintillation spectrometer (model 2500 TR)
with a double label setting for *P and ™1 at 98% efficiency for ¥P and 60% efficiency
for L. P and ™I were counted in the same sample with no noticeable crossing over
using preset channals for P and ™I. The amount of each isotope associated with the
androgen receptor was determined afier subtraction of the background from the area
under the peak. This technique yields a linear standard curve for receptor protein levels.

Determination of receptor half life

LNCaP cells were incubated for 2 h at 37 °C in serum-free RPMI 1640 culture medium
with 10 nM [PHJR1881. The cells were washed twice with PBS. The flasks were put on
the surface of a 300 nm UV transilluminator (UVP, San Gabriel, US.A.) and the cells
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were irradiated for 2 min. After irradiation, the medinm was replaced and the incubation
was continued in serum-free RPMI 1640 culture medium in the presence of 1¢ nM of
¢ither unlabeled R1881 or [PH]R1881. Incubation with [PH]R1881 was followed by a
second UV-irradiation after different incubation times. Subsequently, cells were lysed in
$DS-sample buffer and analyzed by SDS-polyacrylamide gel electrophoresis. The slab gel
was cut into 2 mm slices, and proteins were eluted from the individual slices in a mixture
of 8% (v/v) Triton X-100 and 8% (v/v) 4-azaheptamethylenediamine in water for 18 h
at room temperature. The extracts were mixed with 10 ml Ultima Gold (Packard) and
radioactivity was counted. The amount of *H associated with the androgen receptor was
determined after substraction of background from the area under the peak.
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CHAPTER 7

GENERAL DISCUSSION
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7.1 Cellular systems for analysis of androgen receptor structure and function

The LNCaP cell line, established from a metastatic lesion of a human prostadic
adenocarcinoma (Horoszewicz et al., 1983), was used for all studies described herein.
This cell line contains a considerable amount of androgen receptors and is the only
human cell line, characterized so far, that shows androgen-dependent growth in vifro
(Horoszewicz et al, 1983; Schulz et 2l, 1985). In addition, androgens regulate the
production and secretion of prostate-specific acid phosphatase and the release of a 40
kDa protein by the cultured cells (Horoszewicz et al, 1983; Berms et zl, 1986),
suggesting that the cell line is a suitable model to study androgen receptor function. As
described in Paragraph 1.4, however, the androgen receptor from this cell line contains a
point mutation within the steroid-binding domain (Veldscholte et al., 1990). The point
mutation, which was shown to be responsible for an unusually broad spectrum of
specificity of steroid hormone binding (Veldscholte et al., 1990), explains the binding
activity of the receptor protein for the synthetic progestagen R5020, described in Chapter
3.

At present, it is not known whether the mutation of the androgen receptor in LNCaP
cells affects properties, other than ligand-binding characteristics, of this receptor protein.
In addition to androgens, it was found that progestagens and estradiol not only can bind
to this androgen receptor (Chapter 3; Veldscholte et al, 1990), but also induce
additional receptor phosphorylation (Chapter 6), and indeed can stimulate the growth of
INCaP cells (Horoszewicz et al, 1983; Schulz et al, 1985; Bemns et al., 1936;
Schuurmans et al., 1988). This suggests that these different steroids, when bound to the
LNCaP androgen receptor, all induce its transformation and effectuate the subsequent
steps towards gene activation. It is not certain, however, to what extent progestagen- and
estrogen-induced receptor functions really resemble the effects of androgens.

To study whether basal and hormone-dependent phosphorylation, as observed for the
LNCaP androgen receptor {Chapters 5 and 6), are general characteristics of the
androgen receptor, future studies on androgen receptor phosphorylation should involve
normal target cells for androgens as well. However, the androgen receptor concentration
in normal cells is very low, implicating that it will be difficult to study the biochemistry of
the receptor protein in such cells. A possibility to obtain a higher cellular concentration

of the normal androgen receptor involves the transient expression of androgen receptor
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¢DNA in COS cells (Brinkmann et al, 1989) or other cell lines, such as the human-
derived Hela cells. However, in this case the normal androgen receptor function is
studied in cells which are not androgen target cells. Hence, a major disadvantage of this
latter approach is, that it is not known whether the cells contain the particular kinase(s)
and phosphatase(s) that could be involved in androgem receptor
phosphorylation/dephosphorylation. Transfection of an androgen receptor cDNA
expression vector in androgen target cells, such as genital skin fibroblasts, will circumvent

this problem since these cells contain all factors necessary for normal receptor function.

7.2 Molecular mass of the androgen receptor

Various proteins, e.g. the cardiac membrane protein phospholamban, giycogen synthase
kinase, type I cAMP-dependent protein kinase, and avian B-adrenergic receptor, show a
decrease in their mobility on SDS-gels upon phosphorylation (Hofmann et al, 1975;
Ahmad, et 2l, 1982; Stadel et al, 1983; Wegener and Jones, 1984). The reason for the
mobility shift is not clear, since the actual increase in molecular mass of the protein due
to phosphorylation is very small. The decreased electrophoretic mobility of proteins upon
phosphorylation is not a general characteristic of phosphoproteins and seems to depend
on 2 combination of factors such as protein structure, the extent of phosphorylation and
the sites of phosphorylation. It has been suggested that phosphorylation can cause these
proteins to undergo a conformational change that is partly preserved in SDS-gels
(Wegener and Jones, 1984). The lower mobility of phosphoproteins in SDS-gels could
also be due to a decrease in the ability to bind SDS (Wegener and Jones, 1984).

Different methods (in sitt photoaffinity labeling, Western blot analysis, and
metabolic labeling) have been used for detection of the androgen receptor in SDS-
polyacrylamide gels, as described in Chapter 2. However, with none of these methods the
apparent molecular mass of the androgen receptor in SDS-gels (1106 kDa; Chapters 3-6)
reflected the predicted molecular mass of 99 kDa of the receptor protein, caleulated
from the amino acid sequence {Chang et al., 1988; Lubahn et al., 1988; Faber et al,,
1989). This has been observed not oaly for the LNCaP androgen receptor, but also for
recombinant androgen receptor ¢DNA when transiently expressed in COS cells
{Brinkmann et al., 1989).
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Since the androgen receptor has been shown to exist as a phosphoprotein in LNCaP
cells (Chapters 5 and 6), the phosphate groups of the androgen receptor might be
responsible for the discrepancy between the calculated molecular mass of the androgen
receptor and its actual electrophoretic mobility. However, this discrepancy might also be
caused by other properties of the androgen receptor protein. It cannot be excluded that
the homopolymeric amino acid stretches of the androgen receptor influence the
migration rate in SDS-gels through an effect on SDS-binding. In addition, it is possible
that the androgen receptor does undergo additional covalent modifications, such as
glycosylation, that not only contributes to the decreased mobility of the receptor, but in
fact also may serve a functional role. However, to date no evidence has been provided
for glycosylation of any of the steroid receptors.

Steroid receptors, including the androgen receptor (Chapter 5), are heterogenous
proteins that exist in multiple isoforms, migrating as doublets or triplets in SDS-gels.
Upon. ligand binding, the isoforms of progesterone, estradiol, and vitamin D receptors
undergo an upshift in apparent molecular mass, simultaneously with additional
phosphorylation (Pike and Sleator, 1985; Golding and Korach, 1988; Sheridan et al,
1989; Brown and Deluca, 1590). Dephosphorylation of the progesterone receptor by
means of alkaline phosphatase treatment led to a decrease in the amount of the higher
molecular weight isoforms in SDS-gels, and a simultaneous increase in the amount of the
lowest molecular weight form. In addition, the ligand-induced upshift of the three
isoforms in SDS-gels could be reversed by alkaline phosphatase treatment (Sheridan et
al, 1989). This experiment provided evidence that the isoforms of the human
progesterone receptor répresent differentially phosporylated receptor populations. The
structural and functional similarities between the progesterone receptor and the other
steroid receptors suggest that all steroid receptor isoforms, including those of the
androgen receptor, may represent receptors that differ in their phosphorylation states.
However, an upshift in apparent molecular mass upon phospherylation is not a general
characteristic of steroid receptors and cannot be used as a parameter for receptor
phosphorylation. This is ilfustrated by the following. A change in apparent molecular
mass of the two androgen receptor isoforms was not observed upon R1881 treatment of
LNCaP cells (Chapter 5), whereas the androgen receptor undergoes additional
phosphorylation upon hormone treatment of the cells (Chapter 6). Similarly, the 79 kDa

and the 110 kDa forms of the avian progesterone receptor, which were shown to be
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encoded by the same gene (Commeely et al, 1989), underge a hormone-dependent
phosphorylation, but only the 79 kDa form undergoes a simultaneous upshift in apparent
molecular mass on SDS-polyacrylamide gels (Sullivan et al.,, 1988).

7.3 Future studies on androgen receptor phosphorylation

In the studies described in this thesis, it is shown that the androgen receptor exists as a
phosphoprotein in LNCaP cells and undergoes a hormone-induced, additional
phosphorylation {Chapters 5 and 6). In this respect, the androgen receptor resembles the
progesterone, estrogen, and glucocorticoid receptor. However, many aspects of androgen
receptor phosphorylation are still not clear. One major point is whether the androgen
receptor is phosphorylated on serine/threonine and/or on tyrosine residues, and also the
actual sites of phosphorylation have not yet beer identified.

It has been shown that progesterone and glucocorticoid receptors are phosphorylated
on serine residues in intact cellé {Sheridan, et al.,, 1588; Smith et al., 1589; Denner et al.,
1990), while phosphorylation on tyrosine has been reported for the estrogen receptor in
calf uterus (Migliaccic et al, 1986). In the rat glucocorticoid receptor, the
phosphorylated serine residues were shown to be located exclusively in the N-terminal
domain (Dalman et al, 1988); in the mouse glucocoriicoid receptor, phosphorylated
serines were localized both in the N-terminal, and in the steroid-binding domain (Smith
et al, 1989). Recently, three hormonally regulated phospherylation sites were identified
in the chicken progesterone receptor (Denner et al, 1990). Two sites are present in the
N-terminal domain, while the other site, that is very conserved among steroid receptors,
is located in the hinge region between the DNA- and hormone-binding domains,
Phospherylation of this site is stimmlated 20-fold upon hormone binding. Since the hinge
region of the chicken progesterone receptor alse contains a transcription activation
region (Dobson et al, 1989), it was suggested that this phosphate is involved in the
activation of transcription.

The hormone-dependent phosphorylation piight occur at new sites or could be due
to increased phosphorylation at preexisting sites. Both mechanisms have been observed
for the human progesterone receptor (Denner et al, 1990). The overall increase in

androgen receptor phosphorylation with a factor 1.8 upon hormone administration to
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LNCaP cells (Chapter 6) might thus represent the average of a differential increase in
phosphorylation at different sites. It is even possible that certain sites are
dephosphorylated in response to hormone. It is clear that the dynamics of the
phoshorylation/dephosphorylation process needs further investigation.

The kinases, imvolved in steroid receptor phosphorylation, have not yet been
identified. An endogenocus kinase, purified from the cytosolic fraction of calf uterus
homogenates, was reported to phosphorylate the caif uterus estradiol receptor in vivo and
to activate hormone binding. This kinase has been characterized as a calmodulin-
stimulated tyrosine kinase (Migliaccio et al, 1984), and its activity is stimulated by the
hormone-receptor complex (Auricchio et al, 1987). A phosphatase, thought to be
involved in dephosphorylation of estradiol receptor tyrosine phosphates, was partially
purified from the nuclear fraction of calf uterus homogenates (Auricchio et al., 1984).

The purified avian progesterone receptor is an in vitro substrate, in cell-free systems,
for both the serine-specific, cAMP-dependent protein kinase (Weigel et al., 1981), and
the tyrosine-specific EGF and insulin receptor kinases (Ghosh-Dastidar et al., 1984; Woo
et al, 1986). The rat glucocorticoid receptor can also be phosphorylated by the cAMP-
dependent protein kinase in vitro (Simgh and Moudgil, 1585a). Whether these enzymes
are involved in receptor phosphorylation in intact cells remains to be investigated.

Several reports have described the copurification of a Mg " -dependent protein
kinase with the glucocorticoid, and progesterone receptors (Kurl and Jacob, 1984; Singh
and Moudgil 1985b; Sanchez and Pratt, 1986; Garcia et al, 1987). This endogenous
kinase is zble to phosphorylate the receptor proteins in virro. The physiological role of
the enzyme is not known, but it cannot be exciuded that the kinase is an unrelated
abundant enzyme that becomes associated aspecifically with the receptor during the
purification procedure.

The amino acid sequence of the human androgen receptor includes several
consensus sequences for the serine/threcnine-specific proline-directed kinase (Vulliet al.,
1689), postulated to be important for functional regulation of transcription factors
(Suzuki, 1989). It has been suggested that this kinase is involved in hormone-dependent
phosphorylation of the human progesterone receptor (Denner et al, 19%0). The most
typical substrate motif for the cAMP-dependent kinase {(Arg)-Arg-X-Ser-X; Xemp and

Pearson, 1990) is not present in the androgen receptor.
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Figure 7.1. Possible sequences of events of basal and hormone-induced androgen
receptor phosphorylation, with respect to nuclear translocation and receptor
transformation.

A. The androgen receptor is translocated to the nucleus and phosphorylated by a nuclear
protein kinase. Hormone-induced receptor phosphorylation and transformation occur
simulianeously.

B. The androgen receptor is phosphorylated by a cytoplasmic protein kinase and
translocated to the nocleus. Hormone-induced receptor phosphorylation and
transformation occur simultaneously.

C. The androgen receptor is translocated to the nucleus and phosphorylated by a nuclear
protein kinase. Receptor transformation occurs after hormone-induced phosphorylation.
D. The androgen receptor is phosphoryiated by a cytoplasmic protein kinase and
translocated to the nucleus. Receptior transformation occurs after receptor hormone-
induced phosphorylation.

v, hormone; R, receptor; Rt, transformed receptor; P, phosphate

Basal, and hormone-induced phosphorylation of the androgen receptor may be
catalyzed by the same kinase, but it is also possible that different kinases are involved. In
addition, it is not known whether the newly synthesized receptor proteins are
phosphorylated by a cytoplasmic kinase before nuclear translocation (Fig 7.1 B,D), or
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whether they are translocated to the muicleus first and then phosphorylated by a muclear
linase (Fig.7.1 A,C). In Figure 7.1, the possible sequences of events are depicted of
hormone-induced receptor phosphorylation and transformation to a tight nuclear binding
form, that interacts specifically with the hormone responsive elements. As described in
Chapter 6, the hormone-dependent phosphorylation of the androgen receptor either
occurs simultaneously with receptor tramsformation (Fig.7.1 AB), or precedes the
transformation process (Fig.7.1 CD). Not presented in this figure is the possibility that
the basal phosphorylation is necessary to acquire hormone-binding activity (receptor
activation).

Evidence has been provided for an importamt role of phosphorylation in the
reguiation of the activity of many traoscription factors, other than steroid hormone
receptors. For example, phosphorylation modulates the DNA-binding activity of
topoisomerase II (Ackerman et al, 1985}, Simian virus 4G large tumor antigen (Mobhr et
al, 1987; Klausing et al., 1988), and serum response factor (Prywes et al.,, 1988). It has
been suggested that the interaction of components of the transcription machinery with a
DNA-bound heat shock factor (Sorger and Pelham, 1988) and with a2 component of the
RNA polymerase transcription complex of vesicular stomatitus virus (Chattopadhyay and
Banerjee, 1987) can be modulated by phosphorylation. In addition, there is evidence that
dimerization of a cAMP response element binding protein can be regulated by
phosphorylation (Yamamoto et al., 1988).

Different functional roles for ligand-induced steroid receptor phosphorylation have
been suggested, including dissociation of non-receptor proteins (such as the 90 kDa heat
shock protein) from the steroid receptors, receptor dimerization, interaction of the
receptors with other transcription factors, and receptor binding to the hormone
responsive elements (Sheridan et al,, 1988; Hoeck et al.,, 1989; Orti et al., 1989; Denner
et al, 1990). Recently, it .has been shown by site-directed mutagenesis that
phosphorylation of identified serine residues of the v-erbA gene product, which is related
tc the c-erbAa encoded thyroid hormone receptor, is required for full biological activity
(Glineur et al, 1950). The mechanism by which phosphorylation affects the function of
this protein is still not known. It was suggested that phosphorylation might contribute to
the interaction of the protein either with other factors to stabilize its binding to hormone
responsive elements, or with specific transcription factors. In an androgen-insensitive rat,

a point mutation, changing arginine 734 to glutamine within the steroid-binding domain,
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has been identified (Yarbrough et al., 1990). It was suggested that arginine 734 belongs
to a phosphorylation consensus sequence, and that its loss may result in inefficient
phosphorylation on the highly conserved serine 735 or threonine 737. Since
phosphorylation might be involved in the activation of steroid receptors to a2 hormone-
binding form (Paragraph 1.5}, loss of this phosphorylation site may result in impaired
hormone binding (Yarbrough et al, 1990). However, the role of basal androgen receptor
phosphorylatien in ligand binding has not been validated yet, and the role of the
hormone-induced receptor phosphorylation remains to be investigated as well. Evidence
for the function of androgen receptor phosphorylation can possibly be obtained by means
of identification of the phosphorylated amino acid residues and the subsequent site-
directed mutagenesis of these sites.
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SUMMARY

Ligand binding is a prerequisite for the acquisition of transcription regulating activity by
steroid hormone receptors. The ligand induces a cascade of events, including receptor
transformation, specific DNA-binding and modulation of gene tramscription by the
hormone-receptor complex. These events are still not well understood at the molecular
level.

It has been proposed that phosphorylation of steroid receptors has an important
function in the regulation of several aspects of their activity. In the study described in
this thesis it was investigated whether the androgen receptor is a phosphoprotein in the
absence of ligand and also undergoes a subsequent, hormone-induced, phosphorylation;
this has been observed for progesterone, estrogen, and ghucocorticoid receptors. Since
specific androgen receptor antibodies are valuable tools in studies on receptor
phosphorylation, pelyclonal and monoclonal antibodies have been prepared and used in
the studies described herein.

Chapter 1 summarizes the recent literature on the structure, function and
phosphorylation of steroid hormone receptors in general and of the androgen receptor in
particular.

In Chapter 2 the development and applications of several new tocls for biochemical
analysis of the amndrogen receptor are discussed. These tools, particularly in sifu
photoaffinity labeling, androgen receptor-specific antibodies, and a double-labeling
procedure for the androgen receptor, appeared to be very useful during the course of the
smdy described in this thesis.

For all studies, the human INCaP cell line has been used. In Chapter 3 the
androgen receptor from these cells is characterized with respect to its ligand-binding
properties and its apparent molecular mass on SDS-polyacrylamide gels. It is shown that
the LNCaP androgen receptor migrates as a 110 kDa protein.

Chapter 4 presents the characterization of three androgen receptor-specific
polyclonal antisera. Two of the antisera were raised against synthetic peptides,
corresponding to putative immunogenic regions within the N-terminal domain of the
human androgen receptor. Another polyclonal antiserum was generated against a fusion
protein, that contained a part of the N-terminal domain of the androgen receptor. The

polyclonal antisera contained high titers of androgen receptor-specific antibodies and
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were shown to be proper tocls for immunoprecipitation, immunobiotting, and
immunchistochemistry.

In Chapter 5 evidence is provided that the transformed, human androgen receptor in
LNCaP cells is phosphorylated. It is also shown that the androgen receptor is a
heterogeneous protein, consisting of at least two isoforms. The isoforms migrate as a
closely spaced doublet on SDS-polyacrylamide gels, and might refiect differentially
phosphorylated androgen receptor forms. These results could be obtained by using an
androgen receptor-specific monoclonal antibody. The preparation of this antibody has
been described briefly.

Chapter § describes that the androgen receptor in LNCaP cells is phosphorylated
already in the absence of hormomne, but undergoes an additional phosphorylation step
upon hormone-binding. In this regard, the androgen receptor behaves like other steroid
receptors. Evidence has been provided that the hormone-induced phosphorylation either
precedes receptor transformation or occurs simuitaneously with the transformation
process. Consequently, hormone-induced androgen receptor phosphorylation might have
a role in receptor itransformation and/or in processes involved in transcription regulation.

Finally, in Chapter 7, some aspects of the results obtained in the previous chapters,
particularly the suitability of the LINNCaP cell line for studies on androgen receptor
phosphorylation and heterogeneity, are discussed. In addition, several possibilities for

future research on androgen receptor phosphorylation are proposed.
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SAMENVATTING

Androgenen behoren tot de groep van sterold hormonen. Ze zijn o.a. betrokken bij de
ontwikkeling en het instandhouden van de mannelijke geslachiskenmerkez, met inbegrip
van de spermatogenese. De androgenen testosteron en dihydrotestcsteron binden aan
specifieke receptor eiwitten, androgeen receptoren, die aanwezig zijn in de kern van
doelwitcellen voor androgenen. De binding van het androgeen aan het receptor eiwit
heeft een aantal strukturele veranderingen in het receptor molekuul tot gevolg, receptor
transformatie genoermd, die leiden tot een specificke imteraktie van het hormoon-
receptor complex met bepaalde DNA-sequenties, de hormoorn responsieve elementen.
Dit resulteert in de regulatie van transcriptie van bepaalde genen.

Op molecolair niveau zijn de mechanismen van het transformatieproces van de
androgeen receptor, en de daarop volgende transcriptieregulatie, nog onvoldoende
bekend. Voor receptoren van andere steroid hormonen (progestagenen, oestrogenen, €n
glucocorticoiden} is gevonden dat deze eiwitten in intakie cellen gefosforyleerd zijn. Na
binding van het hormoon worden de steroid receptoren extra gefosforyleerd, hetgeen
suggereert dat fosforylering vam de receptor eiwitten een rol speelt in het
werkingsmechanisme van stercid hormonen, De studie die in dit proefschrift wordt
beschreven had tot doel te onderzoeken of de androgeen receptor, zoals andere steroid
receptoren, een gefosforyleerd eiwit is, en evenmeens een extra, hormoon-afhankelijke,
fosforylering ondergaat. Polyclonale en monoclonale antilichamen, gericht tegen de
androgeen receptor, waren een belangrijk hulpmiddel bij dit onderzoek. De ontwikkeling
en karakterisering van deze antilichamen worden in dit proefschrift eveneens beschreven.

In Hoofdstuk 1 wordt een overzicht gegeven van de Tecente literatuur met
betrekking tot de strukwuur, funktie en fosforylering van steroid hormoon receptoren in
het algemeen, en van de androgeen receptor in het bijzonder.

In Hoofdstuk 2 worden de ontwikkeling en toepassing van een drietal nieuwe
technieken geschikt voor de biochemische analyse van de androgen receptor besproken.
Deze technieken, met name het in situ covalent koppelen van radiozktief ligand aan het
receptor eiwit door middel van fotoactivering (fotoaffiniteitslabeling), het gebruik van
androgeen receptor-specifieke antilichamen, en een methode om de relatieve
hoeveelheid geincorporeeerd fosfaat te bepalen, werden gebruikt voor het in dit
proefschrift beschreven onderzoek.
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Voor alle studies werd een humane prostzat tumor cellijn, LNCaP, gebruikt. In
Hoofdstuk 3 wordt de androgeen receptor van deze cellen gekarakteriscerd met
betrekiing tot de ligand-bindende eigenschappen en de schijnbare molekuunlmassa,
bepaald met behulp van SDS-polyacrylamide gel electroforese (SDS-PAGE). Er wordt
aangetoond dat de androgeen receptor een schijnbare molekeulmassa van 110 kDa heeft.

In Eoofdstuk 4 wordt de karakterisering van drie androgeen receptor-specifieke
polycionale antisera beschreven. Twee van deze antisera zijn gericht tegen synthetische
peptiden die corresponderen met gebleden in het N-terminale domein van de androgeen
receptor. Een ander antiserum was gericht tegen een fusie eiwit dat een deel van het N-
terminale domein van de androgeen receptor bevatte. Alle polyclonale antisera hebben
hoge titers van androgeen receptor-specifieke antilichamen en bleken zeer geschikt te
zijn voor immuunprecipitaties, immunoblotting, en iImmunchistochemie van de
androgeen receptor.

In Hoofdstuk 5 wordt aangetoond dat de androgeen receptor gefosforyleerd is m
mmtakte LNCaP cellen. Eveneens wordt beschreven dat de androgeen receptor een
heterogeen eiwit is en uit minstens twee isovormen bestaat. De isovormen migreren als
een doublet op SDS-PAGE. Er wordt gesuggereerd dat de isovormen omntstaan doordat
de fosforylering van de androgeen receptor op verschiilende manieren kan plaatsvinden.
Bij het verkrijgen van deze resultaten werd gebrnik gemaakt van monoclonale
antilichamen, de bereiding van deze antilichamen wordt kort beschreven,

Hoofdstuk 6 beschrijft dat de androgeen receptor in LNCaP cellen in afwezigheid
van hormoon al gefosforyleerd is, maar pa binding van ligand een extra fosforylering
ondergaat. In dit opzicht gedraagt de androgeen receptor zich als andere sieroid
hormoon receptoren. Er werden tevens aanwijzingen verkregen dat de hormoon-
afhankelijke androgeen receptor fosforylering ofwel aan het transformatieproces vooraf
gaat, ofwel gelijktijdig optreedt met de transformatie tot de DNA-bindende vorm.
Hieruit volgt dat de hormoon-afhankelijke fosforylering zowel bij het transformatie-
proces, als bij transcriptieregulatie kan zijn betrokken.

Tot slot wordt in Hoofdstuk 7 een aantal aspecten van de resultaten uit de vorige
hoofdstukken bediscusseerd, zoals de voor- en nadelen van het gebruik van de LNCaP
androgeen receptor voor het onderzoek naar androgeen receptor fosforylering en
heterogeniteit. Mogelijkheden voor toekomstig onderzoek met betrekking tot androgeen

receptor fosforylering komen eveneens aan de orde.
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RNA
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PAGE
PDGF
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LIST OF ABBREVIATIONS

adenosine cyclic-3’,5-monophosphate
(complementary) deoxyribonucleic acid
epidermal growth factor

insulin-like growth factor-1
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Iymph node carcinoma of the prostate
ribonucleic acid
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platelet-derived growth factor
1,25-dihydroxycholecalciferol
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