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Summary--Using biochemical methods we established that estrogen receptor content and 
distribution and progesterone receptor content in female and male baboon myocardium did 
not differ between sexes. In contrast, myocardial androgen receptor distribution between 
cytosolic and nuclear compartments was sexually dimorphic. Female baboon myocardial 
androgen receptors were restricted to the cytosolic compartment, whereas male myocardial 
androgen receptors were distributed between the cytosolic and nuclear compartments. Using 
human estrogen receptor cDNA we showed that baboon aorta, myocardium and uterus 
contain a 6.3 kb estrogen receptor transcript. Analyses performed with human progesterone 
receptor cDNA established that baboon aorta and uterus contain an 8 kb progesterone 
receptor transcript; however, progesterone receptor transcripts were not demonstrable in 
baboon myocardial RNA preparations. Because relative hybridization signal intensity 
reflected known uterine and aortic progesterone receptor content, failure to detect progester- 
one receptor transcripts in myocardial preparations may reflect sensitivity limitations and the 
fact that aortic progesterone receptor content is 5-fold greater than that of myocardium. 
Immunocytochemical analyses demonstrated that baboon myocardial progesterone receptors 
were present in greater than 25% of myocytes and generally absent from other myocardial 
cells. Our studies establish that: (1) gonadal steroid hormone receptor gene transcription 
occurs in cells of the baboon cardiovasculature, (2) these steroid hormone receptors may be 
physiologically functional, and (3) gonadal steroid hormone receptors may be restricted to 
specialized cells of the cardiovasculature. 

INTRODUCTION 

Epidemiologic [1,2] and clinical studies [3-6] 
have established sex differences in the risk 
of  cardiovascular disease. Biochemical studies 
have shown sex and gonadal hormone 
related differences in cardiovascular cell func- 
tion [7-10]. Model studies have suggested that 
gonadal steroids may affect the severity of  
cardiovascular dysfunction [11-13]. These find- 
ings imply that gonadal steroids may affect 
cardiovascular cell function. 

Biochemical and autoradiographic studies 
demonstrated that rat[14-17], canine[18], 
and baboon cardiovasculature [19-23] contains 
androgen, estrogen, and progesterone receptors 
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and suggested that steroid hormones may 
directly affect cardiovascular cell function. 
Using biochemical methods, we established 
that gonadal steroid hormones influenced sex 
related differences in rat[17] and baboon[23] 
aortic androgen and estrogen receptor content 
and distribution. Additionally, we showed that 
estrogens affected baboon[23,24]  and rat[17] 
aortic progesterone receptor content. These 
studies provided direct evidence that aortic 
androgen and estrogen receptors were respon- 
sive to changes in plasma androgen and estro- 
gen content and established that intracellular 
distribution of  aortic androgen [17, 23] receptor 
and aortic estrogen[17, 24] receptor content 
differed according to sex. 

To determine whether the sex related 
differences in baboon and rodent aortic 
gonadal steroid hormone receptor content 
and distribution were representative of  baboon 
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myocardium, we examined effects of endogen- 
ous hormones on gonadal steroid hormone 
receptor content and distribution in young 
mature male and female baboon myocardium. 
We used immunologic probes to identify cells of 
the baboon cardiovasculature which contained 
gonadal steroid hormone receptors and cDNAs 
to characterize steroid hormone receptor tran- 
scripts in baboon cardiovasculature. The results 
of these studies are detailed in this report. 

EXPERIMENTAL 

Animals 

Young mature male and female baboons 
(Papio sp.) were from the colony at Southwest 
Foundation for Biomedical Research. They 
were 7-8-yr-old and had not received prior 
treatment. Females who had completed three 
consecutive, consistent estrus cycles were 
sacrificed, during the next cycle, at the time 
of maximum sex skin turgescence. The latter 
occurs essentially at the time of peak plasma 
estradiol content [25]. 

Materials and methods 

[17~t-methyl-3 H3]R1881 (methyltrienolone, 
86 Ci/mmol), [1,2,4,5,6,7,16,17-3Ha]5~-dihydro - 
testosterone (5~t-DHT, 208Ci/mmol), [lift- 
methoxy-3H3]R2858 (Moxestrol, 86Ci/mmol), 
[2,4,6,7,16,17-3H6]estradiol, and radioinert 
R1881 and R2858 were from New England 
Nuclear Corporation (Boston, Mass). 
[3H2]ORG 2058 (16~-ethyl-21-hydroxy-19-nor- 
[6,7 -3H2]pregn-4-ene-3,20-dione, 40 Ci/mmol) 
and radioinert ORG 2058 were obtained from 
Amersham Corporation (Arlington Heights, 
I11.). [ct-32p]dATP was from ICN Radio- 
chemicals (Irvine, Calif.). Triamcinolone 
acetonide, DNA (salmon testes, type l id  and 
bovine serum albumin (Fraction 5) were from 
Sigma Chemical Company (St Louis, Mo.). 
Radioinert steroids not enumerated above 
were obtained from Steraloids Incorporated 
(Wilton, N.H.). Human y-globulin was from 
Calbiochem-Behring Corp. (La Jolla, Calif.). 
Dextran T70 was from Pharmacia Fine Chemi- 
cals Inc. (Piscataway, N.J.). Hydroxyapatite 
(DNA grade, Bio-gel HTP) was from Bio-Rad 
Laboratories (Richmond, Calif.). Oligo(dT)- 
cellulose was from P. L. Biochemicals Inc. 
(Milwaukee, Wis.). DNA polymerase I and 
DNase I were obtained from Boehringer 
Mannheim (Indianapolis, Ind.) and Worthington 
Biochemicals (Freehold, N.J.), respectively. 

Restriction endonucleases were from New 
England BioLabs (Beverly, Mass). Materials 
for acrylamide gel electrophoresis were from 
Bio-Rad (Richmond, Calif.) and agarose, 
SeaKem, was from FMC Corp. (Rockland, Me). 

The two monoclonal antiestrogen receptor 
antibodies used were D75 and H222 [26]; the 
latter was generously provided by Abbott 
Laboratories (Chicago, Ill.). The monoclonal 
antiprogesterone receptor antibody used was 
JZB39 [27]. The control monoclonal antibody 
for immunocytochemistry, afffinity-purified 
antiantigen B, a component of Timothy grass 
pollen (AT), was kindly provided by Dr A. 
Malley (Oregon Regional Primate Research 
Center). Antibody localization in tissue sections 
was visualized by using an antirat IgG 
avidin-biotin peroxidase kit (ABC kit, Vector 
Laboratories, Burlingame, Calif.). Immuno- 
cytochemical procedures, including antibody 
dilution and use of the ABC kit, were as 
previously described [28]. Plasmids priOR8 [29] 
and pHPR54 [30] respectively contain cDNA to 
human estrogen or progesterone receptor. Other 
materials were the highest quality reagent grade 
available from the manufacturer. All solutions 
were prepared in water purified by reverse 
osmosis, deionized and redistilled from glass. 

Preparation of cytosolic extracts and measure- 
ment of total cytosolic androgen, estrogen, or 
progesterone receptors 

Baboons were restrained, sedated by intra- 
muscular injection of ketamine (15 mg/kg) and 
exsanguinated. The heart was removed, the left 
ventricle was cut into 1-2 g blocks, wrapped in 
aluminum foil, sealed in heat-sealed packets, 
frozen by compression between blocks of dry 
ice, and transferred without delay to a -90°C 
freezer where tissue was stored until analyzed. 
All procedures were performed in accordance 
with guidelines established by the Department 
of Health and Human Service for the treatment 
of laboratory animals and were approved by the 
Animal Research Committee of the Southwest 
Foundation for Biomedical Research. Myocar- 
dial cytosolic extracts were prepared by using 
previously described methods [23]. In brief, 
frozen tissue (left ventricle) was thawed on ice 
and subsequent procedures were performed at 
2-4°C. Thawed tissue was finely minced, and 
disrupted in 4-5 volumes of buffer TEDS 
[50mM Tris-HC1, 0.1mM EDTA, 10mM 
dithiothreitol (DTT), 380 mM sucrose, pH 7.4], 
by using a Duall (Kontes, Vineland, N.J.) 
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glass-glass homogenizer. Homogenates were 
clarified by centrifugation at 50,000g at 2°C 
for 5 min. Resultant supernatants were made 
20 mM in sodium molybdate, 2.2 mM in phenyl- 
methylsulfonyl fluoride (PMSF), and incubated 
for 10min at 2°C with the pellet from 0.1 
volume of a dextran, ~-globulin-coated charcoal 
(DGCC) suspension (5% charcoal, 0.5% dex- 
tran, 1% ~-globulin, w/v) in buffer TED (buffer 
TEDS without sucrose). Incubates were clarified 
by centrifugation for 15 min at 200,000 g at 2°C. 

To quantify cytosolic receptors, incubations 
were performed in a final volume of 220/~1 
buffer TEDS containing 100#1 of tissue 
extract and various concentrations radiolabeled 
steroid. For progesterone receptors, incubation 
mixtures contained radiolabeled ORG 2058 
(0.25-5 nM) and a 400-fold molar excess of 
cortisol to block ORG 2058 binding to corti- 
costeroid receptors. These mixtures were incu- 
bated at 2°C for 20-24 h. To quantify androgen 
receptors, incubation mixtures contained 
radiolabeled R1881 (0.1-5 nM) and a 100-fold 
molar excess of triamcinolone acetonide to 
block R1881 binding to progesterone receptors. 
These mixtures were incubated at 2°C for 
20-24 h. To quantify estrogen receptors, incu- 
bation mixtures contained radiolabeled R2858 
(0.25-5 nM), and these were incubated at 30°C 
for 4 h. For each determination, nonspecific 
binding was measured by incubating a parallel 
series of identical samples that contained radio- 
labeled ligand and a 100-fold molar excess of 
the corresponding radioinert ligand. Separation 
of bound and free radioligand was by either 
the DGCC (androgen and progesterone recep- 
tors) or hydroxyapatite (estrogen receptors) 
method previously described [15, 21]. Specific 
binding data were evaluated by the method 
of Scatchard[31] and as double reciprocal 
plots [32]. Two classes of cytosolic progestin 
binding components, as previously described 
for baboon aorta [23], were detected in myo- 
cardium. These data were analyzed by the 
method of Scatchard [31] using the correction 
protocols described by Rosenthal[33] and 
Feldman [34]. Full saturation analyses were 
always used to quantify cytosolic receptor 
content. 

Preparation of nuclear extracts and measurement 
of total nuclear androgen or estrogen receptors 

Myocardial nuclear extracts were prepared 
by using previously described methods[15]. 
In brief, the 50,000g pellet obtained from 

preparation of the cytosolic extract was 
suspended in buffer TEC (10mM Tris-HC1, 
1.5 mM EDTA, 5 mM CaCI2, pH 7.4), passed 
through a layer of fine nylon stocking, collected 
by centrifugation, and washed three times with 
buffer TEC. The washed nuclear pellet was 
suspended at 4-5 ml/g tissue in buffer BBPP 
[20mM sodium barbital, 1.5mM EDTA, 
150 mM KCI, 5 mM DTT, 5 mM pyridoxal-5'- 
phosphate, 20% glycerol (v/v), pH 8.0 at 20°C]. 
After an aliquot had been removed for DNA 
analysis, the pellet was sonicated and then 
extracted by incubation in the dark at 2°C for 
30min. The nuclear extract was clarified by 
centrifugation for 45 min at 200,000g. Nuclear 
androgen receptors were quantified by incu- 
bation at 2°C for 18-24h, whereas nuclear 
estrogen receptor quantification was by incu- 
bation at 30°C for 4 h. Incubations contained 
200#1 nuclear extract and various concen- 
trations, 0.5-5 nM, of either radiolabeled 
5ot-DHT (androgen receptors) or estradiol-17/~ 
(estrogen receptors) in a final volume of 
440 #1 buffer BBPP. Nonspecific binding was 
determined in a parallel incubation series which 
also contained a 100-fold molar excess of radio- 
inert ligand. Separation of free and bound 
radioligand was by the hydroxyapatite method 
and specific binding was calculated as described 
in the preceding section. 

Sucrose gradient assessment of antibody binding 
to myocardial estrogen or progesterone receptors 

Concentrated receptor preparations were 
obtained by homogenizing left ventricle in 2-3 
volumes of buffer TEDS containing 20mM 
sodium molybdate and 2.2mM PMSF and 
clarifying the homogenate by centrifugation 
at 200,000g for 15min. Clarified extracts 
were incubated with either 0.5 nM radiolabeled 
R2858 (estrogen receptor) for 1 h at 30°C 
or with 1 nM radiolabeled ORG 2058 and a 
1000-fold molar excess of radioinert cortisol 
(progesterone receptor) for 1.5 h at 2°C. Free 
radioligand was removed by incubating these 
mixtures for 10 min at 2°C with pelleted DGCC, 
and incubates were clarified by centrifugation 
at 100,000g for 10min. Antibody, 5-10#g, 
was added to 300#1 of radiolabeled, clarified 
extract, and mixtures were incubated on ice for 
7 h. As control we used monospecific polyclonal 
antibody (kindly provided by Dr Walter Heyns, 
Leuven, Belgium) to rat ventral prostate 
prostatein. Incubates were then made 0.3 M in 
KCI and 250#1 were layered onto 20-40% 
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linear sucrose gradients in 20 mM sodium barbi- 
tal, 1.5 mM EDTA, 5 mM DTT, 0.3 M KC1 and 
15% glycerol (v/v), pH 8.0 at 20°C. Gradients 
were developed by centrifugation in the Sorvall 
vertical tube rotor (TV 865, DuPont Company, 
Newtown, Conn.). Human y-globulin served as 
sedimentation standard. 

Immunocytochemistry 

Freshly obtained myocardium was cut into 
several 1-2 mm cross-sections and these were 
placed in a drop of O.C.T., Tissue Tek II, Miles 
Laboratories, Inc. (Naperville, Ill.) on a square 
of aluminum foil and immediately quenched in 
liquid propane. Frozen specimens were wrapped 
in aluminum foil and stored at -90°C until 
shipped, packaged in dry ice, to Oregon 
for immunocytochemical processing. Indirect 
immunocytochemistry was performed as 
previously described [28] with minor modifi- 
cation to include a post fixation wash in 0.1 M 
phosphate buffered (pH 7.3) 0.2% picric acid, 
2% paraformaldehyde. Antiprogesterone recep- 
tor antibody JZB39 was used for progesterone 
receptor localization, whereas a mixture of 
antiestrogen receptor antibodies D75 and 
H222 was used for localization of estrogen 
receptors. 

Isolation of RNA and detection of estrogen or 
progesterone receptor transcripts 

Baboon aorta, myocardium and uterus, 
which had been snap-frozen in liquid nitrogen 
and stored at -90°C, were individually pulver- 
ized in liquid nitrogen and the frozen powder 
was solubilized in guanidinium isothiocyanate. 
Rat ventral prostate RNA was extracted from 
fresh tissue, obtained from animals maintained 
in the colony at Southwest Foundation, by 
disruption in guanidinium isothiocyanate. RNA 
was isolated from initial extracts by precipi- 
tation from guanidine hydrochloride. Integrity 
of these preparations was monitored by 
electrophoresis on formaldehyde-agarose gels. 
Poly(A) ÷ RNA was prepared from total RNA 
using two cycles of oligo(dT)-cellulose chro- 
matography. Northern hybridization analyses 
were performed by fractionating denatured 
poly(A) ÷ RNA by electrophoresis through 
1.5% agarose gels and capillary transfer of 
RNA to nitrocellulose. Membranes were 
hybridized with cDNAs which had been 
purified by acrylamide gel electrophoresis prior 
to being radiolabeled by nick-translation. An 
RNA ladder (Bethesda Research Laboratories, 

Gaithersburg, Md) was used to estimate 
transcript size. All procedures were performed 
as previously detailed [35]. 

Other methods 

Protein content was measured using the pro- 
cedure of Lowry et al. [36] with bovine serum 
albumin as standard. DNA was measured by 
the fluorometric method of Vytasek [37] with 
salmon testes DNA as the standard. Plasma 
estradiol and testosterone content was measured 
using antibody and methods previously de- 
tailed [23]. Reported values were determined in 
a single assay. Radioisotope was measured 
in either a Beckman 7800 or 7500 scintillation 
spectrometer and most samples were counted to 
2% precision (at the 95% confidence level). The 
paired t-test was used to assess significance of 
observed differences. 

R E S U L T S  

Androgen receptor content and distribution in 
female and male baboon myocardium 

Saturation analyses established that baboon 
myocardium contained a single class of limited 
capacity, high affinity cytosolic or nuclear 
androgen receptors (data not shown). The mean 
dissociation constant for cytosolic or nuclear 
androgen receptors respectively was 0.14 _ 0.04 
(n = 10) or 1.7 +__ 0.3 nM (n = 5). Male baboon 
myocardium contained both cytosolic and 
nuclear androgen receptors. In male baboons, 
approximately 26% of total myocardial andro- 
gen receptors were localized in the nuclear 
fraction (Table 1). In contrast, nuclear androgen 
receptors were not demonstrable in female 
baboon myocardium (Table 1). Total myo- 
cardial androgen receptor content of female 
baboon myocardium was significantly greater, 
P < 0.05, than that of males (Table 1). Mean 
plasma testosterone content in male and 
female baboons respectively was 569+ 346 
(mean + SD) and 61 + 38 ng/dl. 

Table 1. Cytosolic and nuclear androgen 
receptor content of baboon myocardium 

Content (fmol/mg DNA) 

Sex Cytosolic Nuclear 

Male 107 +__ 20 37 +_ 17 
Female 222 + 18" 0* 

Data  are the mean + SD, n = 5. Values were 
obtained by linear regression analysis of 
double reciprocal plots of the saturation 
data. 

*Significantly different from the paired male 
value; P < 0.05, paired t-test. 
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Estrogen and progesterone receptor content of  
baboon myocardium 

Saturation analyses established that baboon 
myocardium contained a single class of  limited 
capacity, high affinity cytosolic estrogen recep- 
tors (data not shown) with mean dissociation 
constant of  0.35 + 0 . 0 4 n M  (n = 10). Myo- 
cardial cytosolic estrogen receptor content was 
indistinguishable, P > 0.05, in young mature 
male and female baboons (Table 2). Nuclear 
estrogen receptors were not detectable in tissue 
from either male or female baboons. Mean 
plasma estradiol content of  male or proestrous 
female baboons respectively was 116_+70 
(mean _+ SD) or 250 _+ 208 pg/ml. 

Saturation analyses showed that both male 
and female baboon myocardium contained two 
classes ofprogestin binding components (Fig. 1). 
The dissociation constant for the low affinity 
type II binding components was 56 _+ 54 nM 
(mean_+ SD, n = 10), whereas the value for 
the high affinity type I binding components 
was 0.25 _+ 0.14 nM (n = 10). Low affinity, high 
capacity type II myocardial progestin binding 
components ranged from 650 to greater than 
5000 fmol/mg DNA. Limited capacity, high 
affinity myocardial progesterone receptor (type 
I) content of male and female baboon was not 
significantly different, P > 0.05 (Table 2). 

Baboon cardiovasculature contains estrogen and 
progesterone receptor transcripts 

Because baboon myocardial progesterone 
and estrogen receptor content is much lower 
than that of  baboon uterus [24], a classical 
progesterone and estrogen target tissue, we pre- 
sumed that progesterone and estrogen receptor 
transcript content of myocardium would be 
much lower than that of  uterus. Preliminary 
analyses (data not shown) confirmed this pre- 
sumption and indicated that large quantities 
of  myocardial poly(A) + RNA would be needed 
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Fig. 1. Representative plot of saturation data obtained 
during quantification of baboon myocardial progesterone 
receptors. (Q), Scatchard plot of the specific binding data. 
Solid lines represent the replot of specific binding data after 
correction using methods described by Rosenthal [33] and 

Feldman [34]. 

to detect progesterone or estrogen receptor tran- 
scripts. Comparative analysis of  progesterone 
receptor transcripts in poly(A) + RNA from 
baboon uterus, aorta and myocardium (Fig. 2) 
showed a unique band, approx. 8.0kb, in 
uterine preparations and a slightly more rapidly 
migrating band in aorta. Progesterone receptor 
transcripts were not detected in myocardial 
poly(A) + RNA preparations. Comparable 
analyses showed that baboon uterus, aorta and 
myocardium contained a single estrogen recep- 
tor transcript, approximately 6.3 kb (Fig. 3). No 
hybridization signal was obtained when either 
probe was used to analyze a rat ventral prostate 
poly(A) + RNA preparation (Figs 2 and 3). 
The absence of a hybridization signal when 
the rat ventral prostate poly(A) ÷ RNA prep- 
aration was probed with either human estrogen 
or progesterone receptor eDNA was not 
attributable to potential degradation of  RNA 
because the expected hybridazation signal was 
obtained when this preparation was probed with 
eDNA for prostatein (data not shown). 

Table 2. Cytosolic estrogen and progesterone 
receptor content of  baboon myocardium 

Content (fmol/mg DNA) 

Sex Estrogen Progesterone 

Male 29 ± 4 l 15 ± 21 
Female 36 ± 10 164 ± 70 

Data  are the mean + SD, n = 5. Values for 
estrogen receptors were obtained by linear 
regression analysis of double reciprocal 
plots of  the saturation data. Values for 
progesterone receptors were obtained 
after applying the correction protocols 
of Rosenthal[33] and Feldman[34] to 
saturation data plotted according to the 
method of Seatchard [31]. 
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Fig. 2. N o r t h e r n  h y b r i d i z a t i o n  ana lys i s  o f  p r o g e s t e r o n e  
r e c e p t o r  t r ansc r ip t s .  Po ly (A)  + R N A  w a s  i so la ted ,  f r ac t ion -  
ated on 1.5% agarose, transferred to nitrocellulose, and 
hybridized with 32P-labeled cDNA prepared from pHPR54. 
Poly(A) + RNA content,/~g, of each lane was: (A) uterus, 
1; (B) aorta from 1.5-yr-old male, 5; (C) aorta from two 
females of mean age 15 yr, 14; (D) rat ventral prostate, 10; 

(E) uterus (same as A), 5. 

SB 37/t~ 
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A B C D E F 

6 .3kb 

Fig. 3. Northern hybridization analysis of estrogen receptor 
transcripts. Conditions are as described in the legend to 
Fig. 2 except that 32p-labeled cDNA was prepared from 
priOR8. Poly(A) ÷ RNA content, #g, of each lane was: 
(A) uterus, I; (B) aorta from two females of mean age 15 yr, 
14; (C) left ventricle from 17-yr-old female, 32; (D) left 
ventricle from 6-yr-old male, 32; (E) rat ventral prostate, 10; 

(F) uterus (same as A), 5. 

Monoclonal antibodies to human estrogen or 
progesterone receptor bind baboon myocardial 
estrogen or progesterone receptor 

Linear  sucrose grad ien t  analyses  revealed that  
b a b o o n  myoca rd i a l  cytosol ic  es t rogen receptors  
migra ted  at  5.5-6.5S (Fig. 4) dur ing  sedimen- 
ta t ion  th rough  gradients  conta in ing  0.3 M KCI.  
Incuba t ion  o f  the same p repa ra t ions  with 5/~g 
ant ies t rogen receptor  an t ibody  H222 pr io r  to 
g rad ien t  analysis  quant i ta t ive ly  conver ted  estro-  
gen receptors  to a complex  which migra ted  with 
a sed imenta t ion  coefficient o f  8 .5-9 .5  S (Fig.  4). 
Similarly,  an t ies t rogen receptor  an t ibody  D75 
caused approx .  70% of  b a b o o n  myoca rd i a l  
es t rogen recep tor  to migra te  with a sedimen- 

50O 

r~ ,t 
-.f 

200 

100 

0 I F -  I I 

2.0 4.0 

Gradient Effluent (ml)  

Fig. 4. Antiestrogen receptor antibodies increase myocardial 
estrogen receptor migration rate during linear sucrose 
gradient sedimentation. Baboon myocardial estrogen recep- 
tors were labeled by 1 hr incubation at 30°C with 0.5 nM 
radiolabeled R2858 in the presence (0)  or absence (O) of 
100-fold molar excess radioinert R2858. After cooling to 
2°C, receptor bound and free ligand was separated by 
DGCC adsorption and aliquots of the clarified supernatant 
were incubated at 2°C for 7h with buffer (O), buffer 
containing 5/~g of either antiestrogen receptor antibody 
H222 (V) or D75 (A), or buffer containing 5/~g of rabbit 
antirat prostatein antibody (ll). These incubates were then 
made 0.3 M in KC1 and 250#1 were layered onto 20-40% 
linear sucrose gradients which were developed by centri- 
fugation for 11 h at 2°C at 370,000g (TV 865 vertical rotor). 
Sedimentation is from left to right. The sedimentation 

coefficient of human ~,-globulin (arrow) is 7S. 

t a t ion  coefficient o f  8.5-9.5 S (Fig.  4). W h e n  the 
p r epa ra t i on  was t reated with an i r relevant ,  
monospecif ic ,  po lyc lona l  an t i body  to ra t  ventra l  
p ros ta te  pros ta te in ,  es t rogen receptor  migra t ion  
was una l te red  (Fig.  4). 

Linear  sucrose grad ien t  analyses  showed 
that  b a b o o n  myoca rd ia l  cytosol ic  p roges te rone  
receptors  migra ted  at  5 . 5 - 6 . 5 S  dur ing  sedi- 
men ta t ion  on gradients  con ta in ing  0.3 M KCI  
(Fig. 5). W h e n  this p r epa ra t i on  was incuba ted  
with ei ther 5 or  10 # g  an t ip roges te rone  receptor  
an t ibody  JZB39, approx .  20% o f  myoca rd ia l  
p roges te rone  receptors  were conver ted  to a 
complex  which migra ted  with sed imenta t ion  
coefficient o f  8.5-9.5 S (Fig.  5). Ident ica l  t reat-  
ment  o f  these p repa ra t ions  with a n t i b o d y  to 
ra t  ventral  p ros ta te  pros ta te in  d id  no t  a l ter  
p roges te rone  receptor  migra t ion  (Fig. 5). 

Immunocytochemistry 

Having  es tabl ished b ind ing  o f  h u m a n  ant i -  
es t rogen receptor  an t ibody  (Fig.  4) or  anti-  
p roges te rone  receptor  a n t i b o d y  (Fig.  5) to 
nonde na tu r e d  b a b o o n  myoca rd i a l  es t rogen o r  
p roges te rone  receptors ,  we used immunocy to -  
chemical  me thods  to identify myoca rd i a l  cells 
which conta ined  es t rogen or  p roges te rone  
receptors .  When  sections o f  m y o c a r d i u m  were 
incuba ted  with an t ip roges te rone  receptor  anti-  
body  JZB39, dist inct  nuclear  p roges te rone  

200 
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Fig. 5. Antiprogesterone receptor antibody increases myo- 
cardial progesterone receptor migration rate during linear 
sucrose gradient sedimentation. Baboon myocardial pro- 
gesterone receptors were labeled by 1.5 h incubation at 4°C 
with 1 nM radiolabeled ORG 2058 in the presence (0 )  or 
absence (ll)  of 100-fold molar excess radioinert ORG 2058. 
All incubations additionally contained 1000-fold molar 
excess of cortisol. Free ligand was removed by DGCC 
adsorption and an aliquot of the clarified supernatant was 
incubated for 7 hours at 2°C with buffer (mR), buffer 
containing 10pg of antiprogesterone receptor antibody 
JZB39 (A), or with buffer containing 10#g antirat 
prostatein antibody (O). Other conditions are as detailed in 

the legend to Fig. 4. 
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receptor staining was readily demonstrated 
(Fig. 6A). In contrast, nuclei of adjacent sec- 
tions incubated with control antibody AT were 
unstained (Fig. 6B). The identity of cytoplasmic 
and background staining following incubation 
of sections with either antibody JZB39 or AT 
(Fig. 6A and B) indicates this is background 
reaction. Only cardiac myocytes were clearly 
positive for progesterone receptor; vascular and 
connective tissue cells generally were negative 
(Fig. 6A). Pale nuclear staining in other cell 
types (Fig. 6A and B) is due to hemotoxylin 
used to visualize histologic structure. Nuclear 
staining of cardiac myocytes for progesterone 
receptor was heterogeneous and varied from 
intense to absence of staining (Fig. 6A). Similar 
nuclear progesterone receptor staining was 
observed in baboon aortic tunica media smooth 
muscle cells (data not shown). 

When sections of myocardium were incu- 
bated with antiestrogen receptor antibodies 
H222 and D75, results were essentially identical 

Fig. 6. Immunocytochemical localization of progesterone 
receptors in baboon myocardium. Sections were incubated 
with either antiprogesterone receptor antibody JZB39, 
panel A, or control antibody AT, panel B, and antibody 
localization was identified by diaminobenzidine deposition. 
Only cardiac myocyte nuclei (N) show positive retention of 
antiprogesterone receptor antibody JZB39 (panel A). Note 
the identity of background and cytoplasmic staining in 

panels A and B. Magnification, 425 ×. 
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to those shown in Fig. 6B. Failure to immuno- 
cytochemically detect myocardial estrogen 
receptors suggests that the level of receptors, 
approx. 1% of that uterus, is below the limit of 
detection with current techniques. Myocardial 
progesterone receptor content also is low, 
approximately 5% of that of uterus; however, 
the high avidity of JZB39 consistently gives 
more intense signals in immunocytochemical 
preparations than either antiestrogen receptor 
antibody H222 or D75. 

DISCUSSION 

Because cardiovascular steroid hormone 
receptor content is low, meaningful measure- 
ment requires accurate, reproducible methods. 
We show that the interassay coefficient of vari- 
ation for male and female baboon myocardial 
cytosolic androgen or estrogen receptors and 
male baboon progesterone receptors is 8-28% 
(Tables 1 and 2). The apparent coefficient of 
variation for female baboon cytosolic progester- 
one receptor content is 42%. This value reflects 
the fact that one female had unusually high, 
288 fmol/mg DNA, progesterone receptor con- 
tent. Mean myocardial progesterone receptor 
content for the remaining four females was 
133 + 13 (mean_ SD) fmol/mg DNA, with a 
coefficient of variation of 10%. The interassay 
coefficient of variation for nuclear androgen 
receptor content was 46% which may be largely 
due to the low receptor content of these prep- 
arations. Our results are comparable to those 
described previously [20, 21, 23] and establish 
the validity of our assay for the current studies. 

Androgen receptor content of female baboon 
myocardium (Table 1) is similar to that of 
female baboon aorta [23]. Moreover, androgen 
receptors of both female myocardium (Table 1) 
and aorta [23] are exclusively localized to the 
cytosolic fraction. In contrast, male baboon 
myocardial androgen receptor content is signifi- 
cantly less than that of both female myocardium 
(Table 1) and male baboon aorta [23]. In male 
baboon myocardium (Table 1) and aorta [23], 
androgen receptors localize in both the nuclear 
and cytosolic compartments. The difference 
in receptor distribution in male and female 
baboon myocardium may be a conse- 
quence[15, 17] of differences in endogenous 
plasma androgen content. However, because 
androgens up-regulate androgen receptor con- 
tent of rat prostate [37-39], rat prostate cancer 
cells [40], human genital skin fibroblasts [41, 42] 
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and DDT~MF-2 ductus deferens carcinoma 
cells [43], the finding that androgen receptor 
content of male baboon myocardium is less than 
that of female myocardium is paradoxical. The 
cause of the dichotomous androgen effects on 
baboon myocardial androgen receptor content 
and distribution remains to be examined. 
Nonetheless, our studies show that baboon 
myocardial androgen receptor content and 
distribution are sexually dimorphic. This is in 
contrast to the baboon aorta where androgen 
receptor distribution is sexually dimorphic and 
receptor content is not [23]. 

Male and female baboon myocardial estrogen 
receptor content was identical and all estrogen 
receptors were restricted to the cytosolic com- 
partment (Table 2). The distribution of female 
myocardial estrogen receptors is identical to 
that of aorta [23] and implies that cyclic changes 
in baboon plasma estrogen content also fail 
to promote nuclear localization of myocardial 
estrogen receptors. These observations are in 
contrast to findings for the rat in which physio- 
logical, cyclic change in plasma estrogen 
elevates nuclear aortic estrogen receptor con- 
tent[16]. The absence of an effect of cyclic 
change in baboon plasma estrogen content on 
myocardial (Table 2) or aortic [23] estrogen 
receptor distribution in intact females also 
differs significantly from the effects of cyclic 
estrogen replacement in long-term ovariec- 
tomized baboons. In these individuals, myocar- 
dial and aortic estrogen receptor content [24] is 
significantly greater than that of intact females 
(Table 2) and estrogen replacement causes 
retention of myocardial and aortic nuclear 
estrogen receptors. Significantly, mean plasma 
estradiol content, 189 pg/ml[24], of estrogen 
replaced ovariectomized baboons was com- 
parable to that of the cycling females used in 
the present studies. Our findings imply that 
long-term estrogen depletion may significantly 
modify subsequent estrogen sensitivity of female 
baboon myocardium and aorta. 

When the one female with unusually high 
progesterone receptor content, 288fmol/mg 
D N A ,  was omitted from the comparison, 
mean female baboon myocardial progesterone 
receptor content, 133 __+ 13 (mean + SD, n = 4), 
was identical to that of male myocardium 
(Table 2). When all individuals were included 
in the analysis, male and female myocardial 
progesterone receptor content also was not 
statistically different (Table 2). The essential 
identity of myocardial progesterone receptor 

content in male and most female baboons 
implies that estrogen fails to increase myocar- 
dial progesterone receptor content and indicates 
that estrogen sensitivity of young mature female 
baboon myocardium is low. However, we have 
shown that cyclic estrogenization of ovariec- 
tomized female baboons promotes relocation of 
myocardial estrogen receptors to the nuclear 
compartment and increases myocardial pro- 
gesterone receptor content [24]. These findings 
provide additional evidence that long-term 
estrogen depletion may significantly modify 
estrogen responsiveness of female baboon 
myocardium. 

Using cDNA to human progesterone recep- 
tor, we found that baboon uterus and aorta 
contained a single 8 kb progesterone receptor 
transcript. Relative signal intensity reflected 
both the quantity of poly(A) ÷ RNA analyzed 
and relative progesterone receptor content of 
baboon uterus and aorta[23]. These same 
analyses failed to identify progesterone receptor 
transcripts when up to 32/~g of myocardial 
poly(A) ÷ RNA were analyzed (data not shown). 
This may reflect sensitivity limitations and the 
fact that aortic progesterone receptor con- 
tent [23] is about 5-fold greater than that of 
myocardium (Table 2). While it is known that 
human and rodent androgen receptors [45,46] 
share extensive sequence homology with 
progesterone receptor DNA and steroid binding 
domains, the absence of a rat ventral prostate 
hybridization signal (Fig. 2) indicates it is 
unlikely that the human progesterone receptor 
cDNA is detecting baboon androgen receptor 
transcripts. Species specific differences appear 
to characterize progesterone receptor transcript 
size. By example, human MCF-7 breast cancer 
cells contain a major l l .4kb progesterone 
receptor transcript and minor transcripts of 5.8, 
5.3, 3.5, and 2.8 kb [29]. Rabbit uterus contains 
progesterone receptor transcripts of 6.6 and 
5.9kb[47]. In contrast, estrogen-withdrawn 
chick oviduct contains progesterone receptor 
transcripts of 4.5, 4.0 and 3.9 kb and estro- 
genization causes appearance of two additional 
transcripts; one greater than 6 kb and the other 
about 3 kb [48]. These findings suggest that 
estrogen status affects the size of progesterone 
receptor transcripts in various tissues. 

Using human estrogen receptor cDNA, we 
found that baboon uterus, aorta, and myo- 
cardium contained a single 6.3 kb transcript. 
The baboon estrogen receptor transcript is 
essentially identical in size to the 6.2 kb transcript 
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demonstrated in human MCF-7 or T47D breast 
cancer cells [49]. The relative signal intensity 
for aorta and myocardium (Fig. 3) reflects the 
similarity in estrogen receptor content of these 
two tissues [23] (Table 2). Compared to uterus, 
relative estrogen receptor transcript signal inten- 
sity of aortic and myocardial poly(A) ÷ RNA 
preparations is considerably greater than would 
be expected based on relative estrogen receptor 
content of these tissues. In contrast, we show 
that relative progesterone receptor transcript 
content of baboon uterus and aorta (Fig. 2) 
is similar to progesterone receptor content. 
The differences between relative estrogen and 
progesterone receptor content and relative 
receptor transcript content in these tissues are 
consistent with the interpretation that sensitivity 
limitations may account for the present inability 
to demonstrate progesterone receptor tran- 
scripts in baboon myocardium. 

Immunocytochemical analysis showed that 
greater than 25% of cardiac myocyte nuclei 
contained progesterone receptors, whereas other 
cardiac cells generally were devoid of proges- 
terone receptors (Fig. 6). Our demonstration 
that baboon myocardial progesterone receptors 
are restricted to myocytes is identical to the 
distribution characteristic of human myocardial 
progesterone receptors [50]. The immunocyto- 
chemical data for baboon myocardium differs 
from results of an autoradiographic study which 
showed that about 1% of baboon cardiac 
myocyte nuclei and less than 5% of interstitial 
cell nuclei concentrated radiolabeled synthetic 
progestin[51]. The difference in findings for 
baboon myocardium may reflect the fact that 
current studies were performed with tissue from 
young mature cycling females, whereas prior 
studies [51] used estrogenized (3 days treatment), 
long-term ovariectomized females. Despite dis- 
tinguishing differences, results from these and 
other studies[23, 50, 51] imply that progestins 
may directly regulate cardiac myocyte function. 

In summary, our current and prior studies 
show that gonadal steroid hormone receptor 
content and intracellular distribution in male 
and female baboon aorta and myocardium are 
similar. Significantly, interacellular androgen 
receptor distribution in both aorta and myo- 
cardium reflects sex related differences in 
plasma androgen content. Despite sex related 
differences in plasma estrogen content, neither 
estrogen receptor content and distribution 
nor progesterone receptor content differed in 
aorta or myocardium of mature, intact female 

and male baboons. These findings imply that 
estrogen sensitivity of baboon aorta and myo- 
cardium significantly differs from that of acces- 
sory reproductive tissue which shows rapid 
response to change in endogenous hormone 
levels. It seems likely that any direct effects of 
estrogen on vascular cell function are the conse- 
quence of chronic, as opposed to acute, differ- 
ences in plasma hormone content. In this regard 
it is notable that long-term estrogen deprivation 
significantly enhances female baboon aortic and 
myocardial estrogen sensitivity [24]. 
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