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Progesterone Receptor Does Not Form Oligomeric (89),
Non-DNA-Binding Complex in Intact Cell Nuclei

Anu Pekki, Timo Ylikomi, Heimo Syvila, and Pentti Tuohimaa

Department of Biomedical Sciences, University of Tampere, 33101 Tampere, Finland

Abstract We raised a polyclonal antibody, aD, against a synthetic peptide (amino acids 522-535) of chicken
progesterone receptor (PR). The sequence is located between the DNA-binding domain and the hormone-binding
domain in the region within the sequences required for stability of the oligomeric form of PR. In the immunoblot, aD
reacted with both A and B forms of PR. In the sucrose gradient and dot-blot the antibody did not recognize the so-called
8S form of PR, which is an oligomeric complex of PR and other proteins. When the oligomeric complex was dissociated
by salt treatment, the antibody recognized the resulting 4S form of PR. This would suggest that the epitope is masked in
the 8S form of PR and exposed in the 4S form. To study whether a similar complex exists in vivo, we used the antibody
for immunohistochemistry. Two different fixation techniques were employed, freeze-drying-vapor fixation and liquid
fixation. In the animals not treated with progesterone, intensive nuclear staining was detected independent of the
fixation technique. When receptor from similarly treated animals was analyzed by sucrose gradient, all of the receptor
molecules were in the oligomeric complex (8S). Ligand binding is known to promote a dissociation of this complex.
Thus progesterone treatment should lead to an increased immunodetection of the epitope; however, progesterone
treatment decreased the intensity of PR immunostaining. These results suggest that the oligomeric complex (8S),
present in tissue extracts, does not exist in intact cell nuclei. They also call into question the proposed role of hsp90 in

regulating progesterone receptor function.
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Steroid receptors are transcription factors
whose activity is regulated by hormone binding
[Gronemeyer, 1992; Carson-Jurica et al., 1990].
The mechanism whereby steroids regulate the
activity of the receptors is unknown. Steroid
binding might change receptor structure to en-
sure DNA binding, dimerization and interaction
with other transcription factors [Gronemeyer,
1991]. Steroid binding is known to increase phos-
phorylation of the receptor [Auricchio, 1989],
which may be an important early regulatory
step. A widely accepted hypothesis is that nonli-
ganded receptor is nonactive due to binding of
inhibitory factors. Upon ligand binding, the in-
hibitory factors dissociate and receptors become
active [Renoir and Mester, 1984]. Evidence for
these inhibitory factors comes from early ste-
roid receptor studies in which nonliganded recep-
tors were seen to form oligomeric complexes,
which sediment as 8S in sucrose gradient cen-
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trifugation and which do not bind to DNA in
vitro. Elevated salt conditions and steroid admin-
istration promote the dissociation of the com-
plex and result in a receptor form which sedi-
ments as 4S in sucrose gradient and is able to
bind to DNA in vitro [Dougherty et al., 1984].

Heat shock protein 90 (hsp90) was the first
protein shown to interact with the steroid recep-
tors in the oligomeric complex. When nonacti-
vated chicken progesterone receptor was puri-
fied, hsp90 was found to be associated with the
receptor [Catelli et al., 1985]. hsp90 was found
to be associated also with other steroid receptors
[Joab et al., 1984]. hsp90 interacts with the
hormone binding domain and that which is be-
tween the DNA binding and hormone binding
domains, and it is thought to inactivate steroid
receptors by steric interference with DNA bind-
ing [Carson-Jurica et al., 1989]. There are also
other proteins that copurify with nonactivated
steroid receptors, but it is not known how they
interact with the receptors [Kost et al., 1989;
Smith et al., 1990; Smith and Toft, 1992].

In spite of a vast on literature the structure
and dissociation of the oligomeric (8S) form of
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the steroid receptors in vitro [Carson-Jurica et
al., 1990; Baulieu, 1987; Pratt, 1990], there is
no evidence as to whether nuclear steroid recep-
tors (estrogen receptor and progesterone recep-
tor) form such an oligomeric complex in vivo.
We have recently presented evidence that the
hsp90 is not associated with nuclear progester-
one receptor in vivo in chicken tissues [Pekki,
1991; Tuohimaa et al., 1993]. To further study
whether the oligomeric complex exists in vivo,
we raised an antibody against an epitope of PR
that is hidden in the oligomeric form and that
becomes accessible when the oligomeric form
dissociates. It emerged that the epitope is fully
detectable by immunohistochemistry, even
though all the receptors extracted from these
tissues are in oligomeric form.

MATERIALS AND METHODS
Animals and Treatments

Immature 2-week-old white Leghorn chicks
were treated with B-estradiol-benzoate (Sigma
Chemical Co., St. Louis, MO) (1 mg/animal/
day) for 1 week, followed by a withdrawal period
of 1 week. Thereafter, they received a single
dose of progesterone (Merck, Darmstadt, Ger-
many) (20 mg/kg body weight) or sesame oil
(0.05 ml/animal). The chicks were killed 1, 6,
18, or 48 h after injection. Oviduct pieces (2—4
mm in diameter) were dissected for use in immu-
nohistochemical studies.

Cytosol Preparation

Tissue samples were homogenized in 4-6 vol
of TE-buffer (10 mM Tris, 12 of Tris-buffer (10
mM Tris, 12 mM monothioglycerol, 1.5 mM
EDTA and 10% glycerol, pH 7.4) at 0°C. The
protease inhibitor phenylmethyl sulfonyl fluo-
ride was added to the buffer in a final concentra-
tion of 0.9 nM. For immunoblotting leupeptin
(0.1 mM) and aprotinin (77 pg/ml) were in-
cluded as protease inhibitors during the homog-
enization. A supernatant fraction obtained by
centrifugation (100,000g for 1 h at +4°C) was
used as cytosol. For some experiments, sodium
molybdate, Na;MoQO, (final concentration 50
mM), or KCl (final concentration 0.3 M) was
added and incubated at 0°C for 1 h after centrifu-
gation.

PR Antibodies

The peptide (Leu-Thr-GIn-Arg-Leu-Ser-Phe-
Ser-Pro-Asn-Gln-Glu-Iie-Pro-Lys) correspond-

ing to residues 522535 of chicken PR-B [Grone-
meyer et al., 1987; Conneely et al., 1987] was
conjugated to thyroglobulin (TG) through the
lysine. Male California rabbits were injected with
100 pg of the peptide in 0.5 ml of Freund’s
complete adjuvant. Antigen injections were re-
peated five times in Freund’s incomplete adjuvant.
Sera were precipitated by dropwise addition of
saturated (NH,)»SO, to a final concentration of
40% (v/v). IgG(aD) was tested by direct immuno-
assay against the corresponding ovalbumin-
conjugated peptide (2 pg/ml) immobilized on
solid phase (Immunoplate, Nunc, Roskilde, Den-
mark). We also used polyclonal rabbit antibody
907 [Weigel et al., 1989], similar to oD, and the
mouse monoclonal antibody PR22, which recog-
nizes both A and B components of PR {Sullivan
et al., 1986; Scheiner et al., 1988].

Immunoblotting

The PR was precipitated with ammonium sul-
fate (a final concentration of 35%) and centri-
fuged. The pellet was taken in 4 vol of sample
buffer (62.5 mM Tris—HCl, 10% glycerol, 2%
sodium dodecyl sulfate [SDS], 5% B-mercapto-
ethanol, 0.05% bromophenol blue) and boiled
for 5 min. The proteins were resolved in 12%
polyacrylamide slab gels containing 0.1% SDS
[Laemmli, 1970] and transferred to nitrocellu-
lose membrane with an electrophoretic transfer
apparatus (Mini Trans-blot, BioRad, Richmond,
CA). The membranes were saturated with 5%
bovine serum albumin (BSA) in TBS (50 mM
Tris, 0.9% NaCl, pH 8.0) and then incubated
with the primary antibody, oD (5 pg/ml) or
PR22 (0.5 pg/ml), at 4°C overnight. After wash-
ing, the membranes were incubated with peroxi-
dase-conjugated goat antirabbit IgG (Cappel,
West Chester, PA) diluted 1:10,000 in TBS con-
taining 1% BSA. The peroxidase was visualized
using the ECL method according to the instruec-
tions of the manufacturer (Amersham, UK).
The molecular-weight standards were phos-
phorylase b M, 97,000, BSA M, 66,000, ovalbu-
min M, 45,000, carbonic anhydrase M, 31,000,
soybean trypsin inhibitor M, 21,000, and lyso-
zyme M, 14,000 (BioRad, Richmond, CA).

Sucrose Gradient Centrifugation

Cytosol was labeled with 3H-Org 2058 (Amer-
sham, England) (final concentration of 10 nM)
at 0°C for 2 h. The unbound ligand was removed
with dextran-coated charcoal. The cytosol was
then incubated with PR22 or aD antibody at a
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dilution of 20 pg/ml at 0°C for 4 h. A sucrose
gradient (5—-20%) was prepared in 10 mM Tris,
12 mM monothioglycerol, 1.5 mM EDTA, 10%
glycerol, 50 mM Na,MoO,, 0.15 M KCl, at pH
7.5. The tubes were centrifuged at 200,000g for
16 hs. Fractions (2 drops) were collected by
piercing the bottom of the tube and counted for
radioactivity in a liquid scintillation counter
(Ultrabeta 1210, LKB, Wallac). Glucose oxidase
(7.9 S) and horseradish peroxidase (HPO)
(3.6 S) were used as internal standards.

Immunoprecipitation of PR

The experiment was carried out as described
by Kost et al. [1989]. The PR was immunopre-
cipitated from KCl-treated cytosol. A part of
cytosol was incubated with 10 nM progesterone
for 2 h at 4°C. The antibody a«D was used at
concentration 30 pl/ml. The immune complexes
were resolved by using 7.5% SDS-PAGE. The
immunoblotting was made as described above.
PR22 was used as a primary antibody in immu-
noblotting.

Immunohistochemistry

Oviduct samples were processed for immuno-
histochemistry as previously described [Pekki
and Tuohimaa, 1989]. Briefly, the freeze-dried
samples were fixed in p-benzoquinone vapor for
3 h and then embedded in paraffin. Some samples
were immersion-fixed in Baker’s fluid (4% para-
formaldehyde and 1% CaCl, in distilled water,
pH 6.7) for 1.5 h at 0°C. Specimens were then
dehydrated and embedded in paraffin. All sec-
tions (5 wm) were stained using the avidin—
biotin and immunoperoxidase technique (Vec-
tastain Reagents, Vector Laboratories,
Burlingame, CA). The concentration of the pri-
mary antibodies was 4 pg/ml.

Histochemical Controls

In order to verify the specificity of the staining
of PR, primary antibody was substituted with
phosphate buffer or an equal concentration of a
nonspecific antibody (monoclonal antihuman-
LH, Medix Biochemica, Finland). The presatura-
tion controls were made with affinity-purified B
subunit of PR and ovalbumin-conjugated syn-
thetic peptide by incubating them with the pri-
mary antibody at 0°C for 4 h.

Presaturation experiments were also carried
out with a chicken oviduct cytosol prepared in
molybdate-containing buffer, where PR is mainly

in the 8S form, and with a cytosol treated with
0.3 M KCl for 2 h, where PR is in 4S form. The
cytosols were incubated with the primary anti-
body at 0°C for 2 h.

A further presaturation experiment was per-
formed with cytosol prepared from COS cells
(monkey kidney cells) transfected with chicken
PR ¢DNA. The COS cells were grown in Dulbec-
co’s modified medium supplemented with 5%
fetal calf serum (FCS), then plated at 20-30%
confluence in Petri dishes. Whole-length chicken
PR c¢DNA [Jeltsch et al., 1986], subcloned into
the eukaryotic expression vector pSG5 [Green et
al., 1988], was transfected into the cells using
the calcium-phosphate technique [Wigler et al.,
1978]. The calcium—phosphate precipitate was
removed 18-22 h later, and the cells were fur-
ther incubated for 24 h, harvested into phos-
phate-buffered saline (PBS), and placed in extrac-
tion buffer (10 mM Tris, 1.5 mM EDTA, 1 mM
dithiothreitol, 0.4 M NaCl and 10% glycerol).
The transfected COS cells and an identical
sample of untreated cells were broken by three
cycles of freezing in liquid nitrogen and thawing
on ice. To obtain the cytosol, the homogenate
was centrifuged for 15 min at 16,000g.

Immunodot Assay

The molybdate (8S) and salt-treated (4S) cyto-
sols were diluted 1:10 with corresponding buff-
ers. 250 pl of cytosol was applied on nitrocellu-
lose membrane using a dot-blot apparatus at
4°C. The membranes were fixed in Baker’s fixa-
tive (4% paraformaldehyde and 1% CaCl, in
distilled water, pH 6.7) for 2 h at 4°C and washed
with PBS (3 x 10 min). The membranes were
incubated with the blocking buffer (5% BSA,
0.05% Tween in PBS) at 37°C for 1 h and there-
after with the primary antibodies diluted in
dilution buffer (1% BSA and 0.05% Tween in
PBS). The final concentrations of antibodies
were 0.5 pg/ml (PR22) and 5 pg/ml (aD). They
were then washed with the dilution buffer and
incubated with secondary antibody (peroxidase-
conjugated antimouse or antirabbit (Cappel,
West Chester, PA) diluted in 1:10,000) at room
temperature (RT) for 1 hr. After washing, the
peroxidase was visualized by the enhanced che-
miluminescence (ECL) method according to
manufacturer’s (Amersham, UK) instructions.
The specificity of immunostaining was verified
using the antibody aD presaturated with the
peptide used for immunization.
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RESULTS

The antigen used for immunization was a
synthetic peptide deduced from the chicken PR
sequence (amino acids 522—-535 of the B form of
the cPR). The sequence is located between the
DNA-binding domain and the hormone-binding
domain [Gronemeyer et al., 1987; Conneely et
al., 1987] in the region which is required for
stability of the oligomeric form of PR [Carson-
Jurica et al., 1989; Schowalter et al., 1991].
Hydropathicity analysis revealed that the region
is relatively hydrophilic, suggesting that the se-
quence is exposed on the surface of the protein.
The region showed no homology with other ste-
roid receptors. Rabbits were immunized with
the peptide conjugated with thyroglobulin. The
IgG fraction of resulting antiserum (aD) was
precipitated with ammonium sulfate and was
shown to recognize the peptide specifically in a
direct immunoassay. When chick oviduct cyto-
sol was immunoblotted with the oD antibody,
both A and B forms of PR were detected (Fig. 1,
lane 2). When the antibody was saturated with
the peptide, no staining was seen (Fig. 1, lane 3).
A similar immunoblot was obtained with mono-
clonal anti-PR antibody PR22 (Fig. 1, lane 1).
PR22 recognized the antigen more efficiently,
which is not unusual when comparing mono-
clonal with polyclonal antibodies. Both antibod-
ies also recognized smaller receptor fragments,
which are probably degradation products of PR
(Fig. 1, lanes 1 and 2).

To study the recognition of the native (nonde-
natured) form of PR with the oD antibody,
oviduct cytosol was incubated with the antibody
and analyzed by a sucrose gradient centrifuga-
tion. When the 4S form of PR (cytosol treated
with 0.3M KCl) was incubated with the aD, the
48S peak disappeared in the sucrose gradient and
receptor sedimented as multiple-sized receptor—
antibody complexes (Fig. 2A). When the oligo-
meric form (8S) of the receptor (cytosol pre-
pared in hypotonic buffer with molybdate) was
analyzed, «D did not change the sedimentation
pattern of PR (Fig 2B). The monoclonal anti-
body PR22 shifted both the 8S and 4S receptors.
The result was similar to that shown by Weigel
et al. [1989]. These results indicate that the
antibody directed against the AB domain (PR22)
of PR recognizes both the oligomeric and the
dissociated form, whereas the antibody directed
against the D domain (aD) recognizes only the
dissociated form.

22—

14~

Fig. 1. Immunoblot analysis of oviduct cytosol with PR22
(lane 1) and aD (lane 2) antibodies. Cytosols were precipitated
with ammonium sulphate, subjected to SDS-gel electrophoresis
and transferred to nitrocellulose. Membranes were incubated
with PR22 (lane 1), aD (lane 2), and aD presaturated with the
peptide used for immunization (lane 3). Membranes were
subsequently incubated with peroxidase-conjugated secondary
antibodies, and peroxidase was detected by an enhanced chemi-
luminescence (ECL) method.

To study whether the antibody can recognize
both liganded and nonliganded 4S-PR, we immu-
noprecipitated progesterone receptor with aD
and immunoblotted the precipitate with PR22.
Both the A and B forms of the receptor were
precipitated. The amount of precipitated PR
was not changed by ligand binding, indicating
that the antibody recognizes both liganded and
nonliganded receptor with the same affinity (Fig.
3).

In addition to the aD antibody, we have used
another antibody (907) which is also directed
against the same sequence of the D domain
[Weigel et al., 1989]. It shows characteristics
similar to those of the aD antibody. It is specific
for PR, it recognizes only the 4S form of PR and
it recognizes both the A and B forms of PR
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Fig. 2. Detection of the 4S form (A) and the 8S form (B) of
progesterone receptor with the aD antibody. Cytosol was pre-
pared in TE buffer (see Materials and Methods). To prepare 4S
cytosol, KCl was added to the cytosol and to prepare 8S cytosol,
sodium molybdate was added instead. A: 4S cytosol was incu-
bated with the antibody and then the receptor was analyzed by
sucrose gradient centrifugation. Closed triangles represent cyto-
sol incubated with the antibody and open triangles cytosol from
which the antibody was omitted. B: 8S cytosol was labelled
with 3H-Org2058, stripped with charcoal and incubated with
the oD antibody. The receptor was analyzed as in A. Closed
circles represent cytosol incubated with the antibody oD, and
open circles cytosol not incubated with the antibody. Two
molecular-weight markers were used in sucrose gradient cen-
trifugation: glucose oxidase (7.9 S) and horseradish peroxidase
(3.6S) indicated with arrows.

[Weigel et al., 1989]. Weigel et al. [1989] have
further characterized the antibody and shown
that it recognizes the liganded and nonliganded
receptors with the same affinity.

Immunohistochemistry of Nonliganded PR

By means of these antibodies, which can distin-
guish between the oligomeric and dissociated
forms of PR, we studied the distribution of the
two forms in the chick oviduct. In our previous
works, we studied the distribution of PR in the
chicken oviduect with antibodies which detect
the 8S and 4S forms with equal sensitivity. In
the estrogen-primed oviduct, all cell types were
found to contain progesterone receptors. The
staining was the most intense in the epithelial
cells and in muscle cells, and lowest in stromal
cells [Joensuu, 1990]. In all tissue sections aD

Fig. 3. Immunoprecipitation of the nonliganded and liganded
PR using a polyclonal aD antibody. Lane 1, Chicken oviduct
cytosol before immunoprecipitation. The different forms of PR
are indicated. Lane 2, Immunoprecipitation of the nonliganded
PR with aD. Lane 3, Immunoprecipitation of the liganded PR
with aD. A position of antibody heavy chain (HC) is indicated
on the right. PR22 was used as a primary antibody in the
immunoblotting. The molecular-weight standards were myosin
M, 200,000, B-galactosidase 116,000, phosphorylase b M,
97,000, BSA Mr 66,000 and ovalbumin M, 45,000 (BioRad,
Richmond, CA).

and 907 antibodies gave similar staining, which
was indistinguisable from that seen with the
other PR antibodies (Fig. 4A,C). There were no
cells or cell types devoid of staining, and the
relative staining intensities between different
cell types were similar to those with the other
antibodies. This was a surprising result, since in
sucrose gradient analysis of similarly prepared
tissue samples all of the receptors sedimented as
8S and were not detected by aD (Fig. 2A) nor by
907 [Weigel et al., 1989].

Since it is possible that fixation might alter
protein—protein interaction, we decided to study
whether fixation could explain the conflicting
results. Since liquid fixation with paraformalde-
hyde is known to be a slow process and prone to
produce diffusion artifacts, we chose freeze-
drying-vapour fixation [Pekki and Tuohimaa,
1989]. In this technique, tissue sections are
frozen in liquid nitrogen immediately after dis-
section and subsequently freeze-dried. After dry-
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Fig. 4. Immunohistochemical analysis of progesterone recep-
tor in chick oviduct before (A,C) and after (B,D,E) progesterone
treatment. Two different antibodies (aD and 907) and two
different fixation methods (liquid fixation and freeze-dried-
vapor fixation) were used. In the freeze-dried-vapor-fixed sec-
tions (A,B), intense nuclear staining was seen with 907 in chicks
not treated with progesterone (A), while staining intensity was
markedly diminished 1 h after progesterone treatment (B). In
liquid-fixed sections (C-E), similar intense nuclear staining was

ing, the sections are fixed with p-benzoquinone
vapour. When the sections were stained with oD
or 907 (Fig. 4A), the results were similar to
those obtained with liquid-fixed sections (Fig.
4C).

i
; 51,907 } h

seen with antibody aD in chicks not treated with progesterone
(C). The staining was abolished 6 h after progesterone treat-
ment (D) and returned to original level in 48 h (E). Specificity of
the immunostaining was studied by carrying out histochemical
staining with antibodies presaturated either with purified PR (F)
or with a cytosol from COS cells transfected with PR ¢cDNA (G).
The section in F has been fixed by the freeze-drying-vapor
method and in G by liquid fixation. e, epithelium; r, gland.
arrows, mesenchymal cells. Bar = 20 pm.

To study further the effect of fixation on the
structure of the oligomeric complex, we applied
the 8S and 4S cytosols on nitrocellulose and
fixed the membrane in Baker’s fixative for 2 h.
PR was then detected with PR22 and aD antibod-
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PR22 aD C

Fig. 5. Reconstitution of fixation and immunodetection pro-
cess for cytosolic 4S and 8S receptors. The 4S and 8S cytosols
were prepared as indicated in Figure 2 and in Materials and
Methods; 250 wl of the diluted cytosol was dotted on nitrocellu-
lose membrane and fixed in Baker’s fixative for 2 h at 4°C. After
washing, the membrane was immunostained with PR22, aD
and aD presaturated with the peptide used as antigen (C).

ies. PR22 recognized both forms of PR, whereas
D recognized only the 4S form. This implies that
fixation is not detrimental to the stability of the
oligomeric form but stabilizes the complex (Fig.
5). Both results suggest that nonliganded PR is
in the nucleus in dissociated and not in oligo-
meric form as earlier thought. Such an assump-
tion is further supported by the observation that
aD staining is presaturable with 4S receptor but
not with 88 receptor (Fig. 6).

Effect of Ligand on PR Staining

If unliganded PR formed an oligomeric com-
plex whose stability is decreased by ligand bind-
ing in vivo as well as in vitro, hormone adminis-
tration should increase the immunostaining with
aD and 907. When we stained oviduct sections
taken from progesterone-treated chicken with
aD and 907, the staining intensity decreased
(Fig. 4B,D). The most pronounced decrease was
found 6 hours after a single injection of proges-
terone (Fig. 4D). The staining intensity was still
low 18h after injection and was restored to the
original level in two days (Fig. 4E). Similar
downregulation was seen when the sections were
stained with PR22.

The specificity of the immunostaining was
studied by incubating the antibodies with puri-
fied PR, peptide used for immunization or cyto-
sol from the COS cells transfected with chicken
PR ¢DNA. The immunostaining was saturable
with the peptide, purified PR (Fig. 4F) and with
the cytosol (Fig. 4G). Cytosol from untrans-

Fig. 6. Immunohistochemistry of PR with the aD antibody
presaturated with 8S cytosol (A) or with 4S cytosol (B). The
estrogen withdrawn chick oviduct sections were fixed by freeze-
drying-vapor technique and immunostaining was carried out as
in Figure 3. e, epithelium; r, gland. Bar = 20 pum.

fected cells did not affect immunostaining. When
the primary antibodies were substituted with
buffer or nonspecific antibodies (hLLH), no stain-
ing was seen.

DISCUSSION

Nonliganded steroid receptors form oligo-
meric complexes when extracted in hypotonic
buffer. The oligomeric form is regarded as an
nonactivated from, which needs to be activated
before it can interact with DNA and regulate
transcription [Gronemeyer, 1992; Carson-
Jurica et al., 1990]. This activation implies trans-
formation of the 8S into the 4S form and is
thought to be triggered by ligand binding [Ren-
oir and Mester, 1984]. The exact composition of
the 8S form of receptor is not known. When the
nonactivated form of chicken PR was purified by
affinity chromatography, hsp90 copurified with
PR in a ratio of two molecules of hsp90 to one
molecule of PR [Renoir and Mester, 1984,
Dougherty et al., 1984; Catelli et al.,, 1985].
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Later several other proteins (hsp70, p60, p54,
p50, p23) were shown to be associated with the
nonactivated form of chicken PR [Kost et al.,
1989; Smith et al., 1990; Smith and Toft, 1992].
Of these proteins, only hsp70 also copurifies
with the activated form (4S) [Kost et al., 1989].
The amino acids 495-632 of cPR have been
shown to be important for the formation of the
8S complex [Carson-Jurica et al., 1989]. When
this region is deleted, the mutated receptor is
unable to form the oligomeric complex. Other
mutations have no effect on 8S formation [Car-
son-Jurica et al., 1989].

To study the different forms of PR on tissue
sections we raised an antibody which can distin-
guish between the 4S and 8S forms. The epitope
for the antibody is located in the D domain of the
chicken progesterone receptor in the region re-
quired for the formation of the oligomeric com-
plex. The antibody can be considered specific for
PR since it recognized both A and B forms of PR
in immunoblotting, its immunostaining was pre-
saturable with a cytosol from COS cells trans-
fected with a cPR ¢DNA, it recognized PR in
sucrose gradient centrifugation and can precipi-
tate the A and B forms of PR from cytosol.
Sucrose gradient analysis further showed that
the antibody recognized only the 4S form of the
receptor, whereas the monoclonal antibody di-
rected against the AB domain recognized both
4S and 8S forms. We also used another antibody
(907) that can distinguish between the two forms
of PR [Weigel et al., 1989]. The antibodies aD
and 907 are thus directed against the region,
which is directly involved in the formation of the
oligomeric complex and which is masked in the
oligomeric form. This masking may be due to
steric interference or to alteration of the struc-
ture of PR. Since this region is very close to the
DNA-binding domain, the same mechanism
probably explains the inability of the 8S form to
bind to DNA. The antibodies D and 907 can
thus be used to study conversion of the non-
DNA-binding form (8S) of PR into the DNA-
binding form (48).

We obtained conflicting results when we ana-
lyzed the receptor in hypotonic cell extract (cyto-
sol) and on tissue section. When nonliganded PR
was extracted with hypotonic buffer all of the
receptors sedimented in oligomeric form, which
was not recognized by these antibodies. When
the same tissue samples were analyzed with
immunohistochemistry both «D and 907 showed

an intense nuclear staining which was compa-
rable with the results obtained with other PR
antibodies. These results raise the question,
which one of these techniques better reflects the
in vivo situation.

Since tissue fixation might alter protein—
protein interaction we tested different methods
of fixing tissues. We also reconstituted a fixation
process for the cytosolic receptor by fixing the
8S and 4S receptors on a nitrocellulose mem-
brane. We found no indication that fixation con-
ditions might so alter the structure of the oligo-
meric form that the epitope for oD and 907
antibodies became exposed. It might rather be
conceived that when extracted in a hypotonic
milieu charged molecules like steroid receptors
form complexes with opposite-charged mol-
ecules (like hsp90) and that these dissociate in
elevated salt conditions. In fact, we have shown
that the 8S form of PR can be reconstituted
when the unliganded 4S form of the receptor is
homogenized with hsp90-containing tissue. The
reconstitution did not take place when liganded
receptor was used instead of nonliganded [Tuo-
himaa et al., 1993]. This might be due to alter-
ation of receptor structure upon ligand binding,
which decreases the affinity of PR for hsp90 and
other components of the oligomeric form. Thus
ligand binding rather inhibits the formation of
the PR-hsp90 complex during tissue processing
than causes dissociation of the putative pre-
existing complex.

When we studied tissue sections from animals
treated with progesterone we found that the
staining intensity was decreased. A decrease in
progesterone receptor concentration after pro-
gesterone administration has also been seen with
immunohistochemistry using antibodies directed
against different epitopes [Pekki and Tuochimaa,
1989], with immunoblot [Sullivan et al., 1988]
and with ligand binding assays [Mester and Bau-
lieu 1977]. Thus the decrease in «D and 907
staining after progesterone treatment does not
reflect changes in the putative receptor oligomer-
ization, but receptor downregulation. Similar
autoregulation of steroid receptors is seen with
other steroids [Burnstein et al., 1990]. The
mechanism by which the receptors are down-
regulated so rapidly is unknown.

The results discussed here are in concert with
our previous reports suggesting that PR does
not exist in a significant quantity as an oligo-
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meric, non-DNA-binding, form in nuclei. First,
we have shown, using an advanced immunobhis-
tochemical technique for soluble proteins with
antibodies of equal sensitivity to PR and hsp90,
that hsp90 and PR are located in different sub-
cellular compartments, hsp90 in the cytoplasm
and PR in the nucleus [Tuohimaa et al., 1993).
Second, by a sensitive immunoelectron micro-
scopic technique, we found no significant co-
location of hsp90 and PR [Pekki, 1991]. Third,
when HeLa cells were transfected with chicken
hsp90 and PR, was hsp90 located in the cyto-
plasm and PR in the nucleus [Tuohimaa et al.,
1993]. Recently, it has been shown that nuclear
localization deficient PR can be rendered, at
least partially, nuclear by cotransfecting it with
a hsp90 carrying a nuclear localization signal
[Kanget al., 1994]. This suggests that this artifi-
cial hsp molecule can interact with a mutated
PR at least in the cytoplasm. In contrast, wild
type PR is unable to render wild type hsp90
nuclear when these are cotransfected [Tuohi-
maa et al., 1993].

Taken together, our results suggest that unli-
ganded PR is in the nuclei predominantly in 4S
form and that ligand-induced PR activation does
not imply dissociation of the oligomeric, non-
DNA-binding form. The oligomeric complex
found in hypotonic tissue extracts is possibly
formed during tissue processing. It is, however,
possible that hsp90 and other components of the
oligomeric form might function as a chaperon
during receptor synthesis [Wiech et al., 1992],
thus being important for the proper structure
and stability of the receptor [Nemoto et al.,,
1990].
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