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Estrogen and Progesterone Receptor Concentrations
in Cystic Ovarian Disease
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'Vesanen, M.: Bovine uterine, cervical and ovarian cytosol estrogen and progesterone recep-
tor concentrations in cystic ovarian disease. Acta vet. scand. 1993, 34, 35-43. — Bovine cyto-
sol estrogen (ERC) and progesterone receptor (PRC) concentrations were measured simul-
taneously in various regions of the uterus and in ovarian stromal tissue in cows with cystic
ovarian disease (follicular cysts), and the concentrations compared with those in animals
with normal cycles. In cystic ovarian disease, ERC concentrations in endometrium (550
fmol/mg cytosol protein (c.p.)) and in myometrium (405) were significantly higher than
in control animals. Very high PRC contents were measured in the endometrium (3115)
and myometrium (2761) of cows with cystic ovarian disease. In control animals, PRC con-
centrations in the endometrium and myometrium were significantly lower than in dis-
eased animals. No statistical differences were observed in ERC or PRC contents
between the endometrium and the myometrium in cows with cystic ovarian disease. ERC
and PRC concentrations in the uterine cervix and ovaries were low compared to those
detected in the uterus. Bovine serum estradiol-178 concentrations were higher (p<0.001)
in cows with cystic ovarian disease than in control animals in postpartum anestrus or dur-
ing the normal estrous cycle. Serum sex hormone-binding globulin (SHBG) concentra-
tions were of the same magnitude as in control cows during their estrous cycles. These
findings show that long standing low endogenous progesterone and elevated estradiol con-
centrations in serum are associated with elevated ERC and PRC concentrations in
bovine uterus.

steroid hormones.

Introduction

Bovine cystic ovarian disease, characterized
by 1 or more large anovulatory follicular cysts
in 1 or both ovaries and sometimes by abnormal
estrous behavior, is one of the most important
causes of infertility in dairy cattle. Ovarian
cysts normally are classified into 2 groups, fol-
licular cysts and luteal cysts with the former being
the more common. Concentrations of proges-
terone in serum and milk are low in cows with
follicular cysts. Treatment of bovine cystic ovar-
ian disease has been extensively studied
(Backstrom et al. 1976, Kesler & Garverick

3*

1982, Koppinen et al. 1984, Ax et al. 1986), but
the endocrine events leading to cystic ovarian
disease are not well clarified.

Serum steroid hormone concentrations in bovine
cystic ovarian disease have been investigated
(Dobson et al. 1977, Brown et al. 1986), but
the concentrations of cytosol estrogen and pro-
gesterone receptors (ERC and PRC, respective-
ly) have not previously been reported. This
pathological state with ovarian follicular cyst for-
mation could be expected to present a model char-
acterized by estradiol excess and progesterone
deficiency. It was felt interesting to see wheth-
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er this was really true and to characterize the beha-
viour of estrogen and progesterone receptors in
such an unusual condition. Thus, the present study
was designed to clarify the interactions of the ster-
oid hormones with the estrogen and progeste-
rone receptors in cystic ovarian disease for bet-
ter understanding the endocrinology of bovine
reproduction.

In our previous investigations we reported vari-
ations in bovine uterine ERC and PRC concen-
trations and serum steroid hormone and sex hor-
mone binding-globulin (SHBG) contents in
the postpartum period and during the estrous
cycle (Vesanen et al. 1988, Vesanen et al. 1990,
Vesanen et al. 1991) in animals with normal
reproductive functions. Uterine ERC and PRC
contents as well as serum progesterone, preg-
nenolone and So-dihydrotestosterone (Sa-
DHT) concentrations varied according to the
phase of normal estrous cycles, and this earli-
er data saved as reference for this investigation.

Materials and methods

Animals and collection of samples

The animals were Finnish dairy cows deliv-
ered to slaughter-houses. They were examined
by rectal palpation of the genitalia in order to
find the cows with cystic ovarian disease and nor-
mal cycling animals. Uterine size and tonus, as
well as ovarian findings (cysts, size of follicles
and corpus luteum) were noticed. Blood sam-
ples were collected from jugular veins without
anticoagulant. The uterus and ovaries were
removed after stunning and examined macro-
scopically, registering the ovarian cysts in diseased
animals and follicles and corpus luteum in con-
trol animals to ensure the diagnosis. Tissue
specimens (walls of uterus, cervix ( portio
vaginalis cervicis) and ovaries) were packed
in foil, and frozen within 15 min of stunning, and
stored in liquid nitrogen before receptor anal-
yses. Additional blood samples for steroid hor-
mone and SHBG determinations were collect-
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ed from cows diagnosed by rectal palpation as
animals with ovarian cystic disease. Serum was
separated by centrifugation from blood samples
and stored at —20°C before steroid hormone
assays.

Measurement of cytosol estrogen and progeste-
rone receptor concentrations

In this report, cytosol receptors refer to those
found in the cytosol fraction following homog-
enization of the tissue in buffer and ultracentrif-
ugation of the homogenate.

Endometrium and myometrium were separ-
ated from frozen tissue specimens using a scal-
pel. Endometrial samples were scraped from the
surface of the endometrium with a scalpel.
Myometrial samples were cut from the middle
stratum of the uterine wall. Macroscopically-select-
ed stromal tissue was used in ovarian steroid
receptor assays. The corpus luteum, follicles with
their walls and the ovarian capsule were removed
from specimens before assay.

Measurement of cytosol estrogen and proges-
terone receptor concentrations was performed
as described previously (Vesanen et al. 1988). Brief-
ly, tissue pieces were weighed, minced and
homogenized in TETMO 10 G buffer at +4°C.
The homogenate was centrifuged and superna-
tants saved for receptor and protein assays. In
estrogen receptor assays, the cytosol was incu-
bated with various concentrations (0.3-10 nmol/l)
of [*H]estradiol. Non-labeled testosterone was
used to eliminate possible interference by ser-
um proteins. Non-specific binding of [*H]estrad-
iol was estimated by using a 200-fold molar
excess of non-labeled estradiol in parallel incu-
bations. After incubation, non-bound steroids
were separated by the use of dextran-coated char-
coal and radioactivity was counted in a liquid scin-
tillation counter. In the assay of cytosol proges-
terone receptor, cytosol was incubated with
various concentrations (0.4-14 nmol/l) of
[PHJORG 2058. To estimate non-specific bind-
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ing of [PHJORG 2058, a 200-fold molar excess
of non-labeled ORG 2058 was used in parallel
incubations. The intra-assay coefficients of
variation were 2% and 4% for ERC and PRC
assays. The corresponding values for inter-
assay coefficients of variation were 10% and 9%,
respectively.

Measurement of steroid hormone and SHBG con-
centrations

Measurement of serum pregnenolone, proges-
terone, testosterone and 5o-DHT concentrations
was performed by individual radioimmunoas-
says after solvent extraction and chromato-
graphic purification of samples as described
previously (Apter et al. 1976, Hammond et al. 1978,
Leinonen 1980, Bolton et al. 1985). Briefly,
unconjugated steroids were extracted from 2 ml
of serum and then fractionated on Lipidex -
5000™ microcolumns (Packard - Becker B.V,,
Chemical Operations, Netherland), followed by
radioimmunoassay of each steroid from the
appropriate fraction using antisera of defined
specificity (Jinne et al. 1974, Apter et al. 1976).
The chromatographic fractionations of estrone
(E,) and estradiol-178 (E,), extracted from
separate serum specimens, were performed as
described by Leinonen (1980). The radioim-
munoassays of E, and E, were performed as
described previously (Vesanen et al. 1990).
The serum concentrations of bovine SHBG
were determined in binding assays employing
[*H]5a-DHT, as described previously (Hammond
& Lihteenmiiki 1983, Vesanen et al. 1990).

In this report, cows with cystic ovarian disease
were defined as those with serum progeste-
rone concentrations below 2.7 nmol/l. In addi-
tion, large (diameter > 2.5 cm) anovulatory
follicular cysts were detected by rectal palpations
and in macroscopical examinations after slaugh-
ter in 1 or both ovaries. In our previous studies
(Vesanen et al. 1990, Vesanen et al. 1991) we inves-
tigated serum steroid hormone and SHBG con-

centrations, and ERC and PRC contents of
bovine genitalia in cows in normal physiologi-
cal states. In this paper, those results are used
as reference data (control animals referred to
later in this text).

Other methods

Statistical comparisons of the results were per-
formed by one-way analysis of variance and t-
statistics by the Bonferroni method (Wallenstein
et al. 1980). Linear regression analysis was used
to evaluate the correlations.

Results

Control animals were divided according to ser-
um progesterone concentrations into 2 groups.
Group 1 (low progesterone) consisted of cows
having serum progesterone concentrations
below 2.7 nmol/l, which corresponds to a pro-
gesterone concentration of 10 nmol/l in resid-
ual milk, the limit used in our previous studies
(Vesanen et al. 1988, Vesanen et al. 1990, Vesa-
nen et al. 1991). The second group (high proges-
terone) comprised animals with serum proges-
terone concentrations over 2.7 nmol/l.
Bovine uterine cytosol ERC and PRC concen-
trations were measured simultaneously in endo-
metrium and myometrium from cows with cys-
tic ovarian disease. ERC contents in the
endometrium were 550+297 (mean + S.D.,
n=13) fmol/mg cytosol protein (c.p.) and in
myometrium 4051273 (n=13). In control animals
(low progesterone), ERC concentrations were
lower both in endometrium (2911257 fmol/mg
c.p., n=24, p<0.01) and in myometrium (237+164,
n=24, p<0.05) than in cows with cystic ovarian
disease. The differences in ERC contents were
more remarkable (p<0.001) between cows with
cystic ovarian disease and control animals with
high progesterone (in endometrium 168+78,
n=22 and in myometrium 13482, n=22). ERC
concentrations in the endometrium and myome-
trium correlated significantly (p<0.01, Fig. 1) in
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Figure 1. Bovine endometrial (E) and myometrial (M) cytosol estrogen receptor (ERC) concentrations
(fmol/mg cytosol protein; mean and S.D.) in normal control animals when serum progesterone (prog.) concen-
tration was >2.7 nmol/l (number of animals, n=22) or <2.7 nmol/l (n=24), and in cows with ovarian cysts (prog.
<2.7 nmol/l, n=13). Significances: *p<0.05, **p<0.01, ***p<0.001.
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Figure 2. Bovine endometrial (E) and myometrial (M) cytosol progesterone receptor (PRC) concentrations
in normal cows (control animals) and in cows with ovarian cysts. For other details see text to Fig. 1.
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individual cows with ovarian cysts. The same was
observed concerning PRC contents of the endo-
metrium and myometrium (p<0.05, Fig. 2). The
2 control groups differed (p<0.05) in ERC con-
centrations both in endometrium and in myo-
metrium (Fig. 1). °

A disparity of PRC concentrations between
animals with cystic ovarian disease and control
animals was distinct. Endometrial PRC contents
(3115+£1760 fmol/mg c.p., n=13) were consider-
ably higher (p<0.001) in diseased animals than
in control animals with low serum progesterone
(endometrial PRC was 11624692 fmol/mg c.p.,
n=24) or high serum progesterone concentra-
tions (endometrial PRC was 602+309, n=22). In
cystic ovarian disease, myometrial PRC concen-
trations (276111730 fmol/mg c.p., n=13) were also
significantly higher (p<0.001) than those observed
in control cows when serum progesterone was

low (PRC was 1315+136 fmol/mg c.p., n=24) or
high (PRC was 599+325, n=22, Fig. 2).

Bovine ERC and PRC concentrations in the ute-
rine cervix and ovaries were variable and the
receptor contents were considerably lower than
those in endometrium and myometrium. The
results are shown in Table 1.

In cows with cystic ovarian disease, the mean ser-
um progesterone concentration (nmol/l; mean
+ S.D.) of 0.51+0.37, n=27 was not significant-
ly different from those observed during postpar-
tum anestrus (0.34+0.42, n=29) or in the follic-
ular phase (0.65+0.50, n=30) of the estrous
cycle. Estradiol-178 concentrations, on the oth-
er hand, were higher (p<0.001) in diseased
cows (29.7+13.2, n=25) than in control animals
(at postpartum anestrus 17.6+5.9, n=29; in the
luteal phase 14.715.5, n=25; in the follicular
phase 16.2+7.4, n=30) in various physiological

Table 1. ERC and PRC concentrations (fmol/mg cytosol protein; mean + S.D.) in bovine uterine cervix (por-
tio vaginalis) and ovaries in normal control animals (serum progesterone concentration either below 2.7 nmol/l
or over 2.7 nmol/l) and in cows with cystic ovarian disease (serum progesterone concentration below 2.7 nmol/l).

Control animals

Cows with
ovarian cysts

Serum progesterone
concentration (nmol/l) >2.7 <27
*
Cervix 120109 134179 35429
n=4 n=6
ERC
Ovaries 33426 24+12 21+17
n=18 n=8 n=11
*
Cervix 826+167 475190 6831322
n=4 n=6
PRC Hokk
Kk
Ovaries 39+42 14120 143184
n=18 n=8 n=11

Significance levels: *p<0.05, ***p<0.001
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Table 2. Bovine serum steroid hormone and sex hormone-binding globulin (SHBG) concentrations (mean + S.D.)
in control animals at various physiological states (at postpartum anestrus, during luteal and follicular phases of
estrous cycle) and in cows with cystic ovarian disease.

Steroid Postpartum? Luteal® Follicular? Cows with
hormone anestrus phase phase ovarian cysts
b2
*
Testosterone 13.249.4 16.3x11.1 19.4+13.9 22.249.7
(pmol/l) n=29 n=26 n=30 n=25
ek
kKK ek *
So-DHT 59.5+19.6 154.0+83.8 81.8+47.4 120.0+80.6
(pmol/l) n=29 n=26 n=30 n=27
Hekk
ok sk ek
Progesterone 0.34+0.42 5.53+1.84 0.65+0.50 0.51+0.37
(nmol/1) n=29 n=26 n=30 n=27
%
* * *
Pregnenolone 0.67+0.31 0.88+0.29 0.67+0.27 0.91+0.47
(nmol/1) n=29 n=26 n=30 n=25
* —
*
*
Estrone 40.4+14.1 38.9+14.1 39.3+14.1 27.7£13.7
(pmol/l) n=16 n=20 n=18 n=1
seksk
ok
KKk
Estradiol 17.6£5.9 14.745.5 16.2£7.4 29.7+13.2
(pmol/l) n=29 n=25 n=30 n=25
SHBG 99.7£14.6 104.1+15.6 106.3£12.9 95.4£23.2
(nmol/1) n=29 n=26 n=30 n=21

Significances: *p<0.05, **p<0.01, ***p<0.001
n=number of samples
2Control data from Vesanen et al. (1990)

states (Table 2). Bovine serum SHBG concen-
trations (95.4123.2 nmol/l, n=21) in cows with
ovarian cystic disease were similar to those
observed previously in normal animals (Vesa-
nen et al. 1990).

Discussion
In our previous study, (Vesanen et al. 1991) we
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reported that when progesterone concentra-
tions in bovine serum were low, both ERC and
PRC concentrations in various regions of the uter-
us were higher than those observed during
larger endogenous progesterone production.
Thus, elevated uterine ERC and PRC concen-
trations in bovine cystic ovarian disease were
expected. However, PRC concentrations in
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particular,in diseased animals, were obviously
higher than concentrations in control animals
when serum progesterone concentrations were
low. The explanation for this could be connect-
ed to long-term low endogenous progesterone
concentrations. Another reason is elevated E2
concentrations in the serum of diseased animals.
In several animal models it has been observed
that estradiol is associated with increased estro-
gen and progesterone receptor concentrations,
while progesterone is associated with decreased
concentrations of both estrogen and progeste-
rone receptors (Katzenellenbogen 1980, Leavitt
et al. 1983, Clark et al. 1985). On the other
hand, bovine serum E, concentrations are min-
imal (Vesanen et al. 1990) compared with those
in human serum measured by the same meth-
ods. Hence, the main reason for the increased
steroid hormone receptor contents in the uter-
us of cows with cystic ovarian disease appears
to be long-term low endogenous progesterone
concentrations together with elevated serum con-
centrations of E,.

In bovine cystic ovarian disease, steroid recep-
tor concentrations did not differ significantly when
endometrium and myometrium were com-
pared. This finding is in agreement with our pre-
vious observation in cows with normal reproduc-
tive performances (Vesanen et al. 1991) that
bovine endometrial and myometrial ERC and
PRC levels are regulated similarly. In harmony
with that, Kontula (1975), working with sheep
uterine tissues, and Gorodeski et al. (1987),
working with human uterus, reported that PRC
concentrations were similar in the endometri-
um and the myometrium, in both the prolifera-
tive and early luteal phases. Although endome-
trial and myometrial cells are histologically
different, steroid receptor (ERC and PRC)
concentrations react similarly to endogenous ster-
oid hormone stimulus in both normal and path-
ological conditions.

Bovine cervical and ovarian ERC and PRC

concentrations were variable and clearly low-
er than those in the endometrium and myome-
trium in cystic ovarian disease. The human cer-
vix is reported to contain PRC (Gorodeski et al.
1987), but the concentrations are lower than in
bovine cervix (Vesanen et al. 1991). On the oth-
er hand, human (Vierikko et al. 1983) and
bovine (Vesanen et al. 1991) ovarian ERC and
PRC concentrations are all low. Thus, disturbanc-
es in bovine steroid hormone modes of action
and the absence of the influence of normal
cyclic progesterone production, can most clear-
ly be seen in altered ERC and PRC concentra-
tions in the endometrium and myometrium.
In the present study, cows with cystic ovarian dis-
ease have been limited to those with serum
progesterone concentrations below 2.7 nmol/l.
In other words, cows with luteal cysts and there-
by elevated progesterone concentrations were
excluded from this study. Hence, the mean ser-
um progesterone concentration was at basal
level (as during postpartum anestrus and in
the follicular phase of the estrous cycle) in cys-
tic cows. In the cows with ovarian cysts, So-DHT,
as well as pregnenolone concentrations were sligh-
ly elevated as during luteal phase of estrous cycle
(Vesanen et al. 1990). This may be caused by the
changes of steroidogenesis of the ovarian tissue.
Serum estradiol-178 concentrations were more
clearly elevated in diseased animals compared
to control cows. In previous investigations on
bovine cystic ovarian disease, E, concentra-
tions have been reported to be variable (Kesler
et al. 1980), either higher (Kittok et al. 1974, Can-
tley et al. 1975) or not different (Garverick et al.
1976, Kesler et al. 1978) from those observed in
normal animals.

As conclusion, features of bovine ERC and
PRC concentrations are that they share their
responsiveness to endogenous progesterone
with many mammalian species. The present
findings demonstrate that, long-term low serum
progesterone concentrations, together with ele-
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vated concentrations of serum estradiol-178, are
associated with marked elevations of ERC and
PRC concentrations in bovine endometrium
and myometrium.
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Sammanfattning

Koncentrationerna av cytoplasmiska estrogen- och
progesteronreceptorer i livmodern, livmoderhalsen
och ovarierna hos kor med cystiska ovarier.
Koncentrationerna i livmodern av cytoplasmiska
estrogen- (ERC) och progesteronreceptorer (PRC) hos
kor med cystiska ovarier och normala kor jaimférdes.
Bade ERC och PRC koncentrationerna fanns vara hogre
hos kor med cystiska ovarier dan hos normala kor vars
blodserum progesteronhalt var 14g (<2.7 nmol/1). Skill-
naderna i receptorkoncentrationerna var mérkbart storre
dé kontrollkornas progesteronhalt var hog (>2.7
nmol/l). Déremot fann man inga skillnader d& man
jamforde endometrium- och myometriumkoncentra-
tionerna av ERC och PRC hos kor med cystiska
ovarier med motsvarande hos de béagge kontrollgrup-
perna. ERC- och PRC-koncentrationerna i cervix
och ovarier var p& mérkbart ldgre niva 4n i livmodern.
Korna med cystiska ovarier hade en hogre blodserum
estradiolhalt 4n kontrollkorna. Orsaken till 6kningen
av receptorkoncentrationerna anses vara en lingre inver-
kan av en 18g progesteronnivi kombinerad med en 6kad
estradiolhalt i serumet.
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