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Summary—We have studied epithelial differentiation of the chick oviduct as induced by
diethylstilbestrol (DES) and 17f8-estradiol (E,). The proportion of goblet cells in the oviduct
was slightly higher after E, than after DES treatment. Also avidin induction by progesterone
was stronger following DES than E, priming. In the estrogen pretreated oviduct epithelium,
avidin expression was induced by progesterone in the surface epithelial cells, protodifferenti-
ated gland cells and tubular gland cells, but not in goblet cells. During prolonged estrogen
treatment, however, the inducibility of avidin by progesterone ceased in tubular gland cells
but not in surface epithelial cells. The estrogen action on the expression of avidin could be
explained by estrogen-induced terminal differentiation of the epithelial gland cells or by a
direct effect of estrogen on the progesterone action, for instance interaction of estrogen
receptor and progesterone receptor in the regulation of transcription.

INTRODUCTION

The chick oviduct provides a suitable model
system to study growth and differentiation, since
differentiation begins late in normal develop-
ment but can be stimulated by exogenous hor-
mones after hatching. During the posthatching
period responses to exogenous hormone treat-
ment are not hampered by endogenous steroid
action [1]. Furthermore, the specific responses to
progesterone and estrogen in terms of induction
of synthesis of avidin and ovalbumin, respect-
ively, have made the system attractive for studies
of the mechanisms of steroid hormone ac-
tion [2-5]. Although estrogen itself does not
induce avidin, primary treatment with estrogen
is obligatory before progesterone-induced avidin
synthesis. The estrogen priming is required for
the cytodifferentiation for instance of the goblet
cells, which have been thought to be responsible
for the production of avidin [3, 6-8). We have
recently shown, however, that avidin is not
expressed in the goblet cells, but in the other
surface epithelial celis and tubular gland cells [9).

In order to obtain a biological response,
considerable concentrations of steroids have to
be administered to chicks [10-12]. On the other
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hand, prolonged experimental treatment with
estrogen inhibits the synthesis of avidin in re-
sponse to progesterone [13]. Diethylstilbestrol
(DES), a non-steroidal compound with potent
estrogenic activity, has been mostly preferred to
natural estrogen during the primary stimulation
of the oviduct [3, 9, 14]. However, studies com-
paring DES and 178-estradiol (E,) are lacking.
A possible non-physiological response obtained
with the administration of exogenous hormone
was suggested by Niemeld and Elo who pro-
posed [15] that the differentiation of oviduct
epithelium is different following DES and E,
treatments. They showed that in the DES-
primed oviducts, but not in the E,-primed one,
estrogen administered with progesterone poten-
tiated avidin production [15]. It must also be
borne in mind that DES is known to be terato-
genic and may act differently from natural
estrogen during cellular differentiation [16-19].
We have recently reported that the induction of
avidin gene expression in the DES-primed
oviduct epithelium can be significantly different
compared to that in the oviduct epithelium of
chicks and laying hens during physiological
development where no exogenous steroid hor-
mones are administered [9).

In the present study we have compared the
effects of DES to those of physiological E, as
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inducers of epithelial differentiation. Our
purpose was to establish whether the observed
differences in avidin expression by progesterone
during normal development and DES-induced
differentiation, particularly the decrease in
avidin expression in glandular cells, are due to
inherent non-steroidal effects of DES or to a
dose-response difference between DES and E,.

EXPERIMENTAL

Animals

Newly hatched White Leghorn chicks were
obtained from a local chicken farm (Mékeld,
Vilppula). Two to five days after hatching,
chicks were injected i.m. with DES obtained
from E. Merck (Darmstadt, Germany) or E,
from Sigma (St Louis, MO) (0.05, 0.5 or
5.0 mg/day) for 2, 6, 12 or 18 days. These doses
and treatment schedules have been presented
in numerous previous works reviewed by
Tuohimaa et al. [20]. DES and E, were dissolved
in propylenglycol (from Fluka AG, Bucks.,
England) at different concentrations. The final
volume injected was 0.05ml in all groups.
Twenty-four hours after the last estrogen treat-
ment, the chicks were weighed and half of each
group received progesterone (from E. Merck)
i.m. 20 mg/kg body weight and the rest vehicle
(propylenclycol) only. Avidin induction by pro-
gesterone has been shown to be dose-dependent
at doses of 0.2-20mg/kg body weight[21].
Twenty-four hours after progesterone injection
the chicks were sacrificed and the magnum
portion of the oviduct immediately dissected,
weighed, frozen in liquid nitrogen and stored at
—80°C until assay. Part of the oviduct tissue
was cut and fixed in Baker’s fluid (4%
paraformaldehyde, 1% CaCl,) at 4°C for 2h,
dehydrated and embedded in paraffin.

IEMA for avidin and ovalbumin

The concentration of avidin and ovalbumin
was measured by an immunoenzymometric as-
say (IEMA) as described previously [21]. Briefly,
standards or specimens were incubated at 37°C
for 1h on a microtitre plate (Maxisorb, Nunc,
Roskilde, Denmark) precoated with avidin or
ovalbumin antibody. Anti-avidin or -ovalbumin
peroxidase conjugate was then added and
incubated at 37°C for 1 h. The colour reaction
was visualized with an enzyme substrate (o-
phenylenediamine) and absorbances measured
at 492 nm. The detection limit in both IEMAs
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was 0.1 ng/ml and the determination range
0.5-100 ng/ml.

Detection of estrogen receptor (ER)

Immunohistochemical analysis of ER was
performed as described previously [22] using the
ER-ICA kit (Abbott Labs, North Chicago, IL).
The monoclonal ER antibody H222 has been
shown to recognize chicken ER [22, 23].

RNA isolation and transfer

Frozen oviducts were pulverized immediately
prior to homogenization and total RNA
was isolated using acid guanidium thiocyanate—
phenol—chloroform extraction [24]. For RNA
hybridization analysis, 10 ug of total RNA was
separated by size on 1.5% formaldehyde-
agarose gel and transferred to a nitrocellulose
filter (Hybond C, 0.45 um; Amersham Int.,
Bucks., England) by capillary blotting [25]. Hy-
bridization analysis was carried out as described
previously [25a]. RNA ladders from BRL
(Gaithersburg, MD) were used for size stan-
dards. RNA was fixed to the filter by baking at
+65°C overnight.

Preparation of cDNA probes

The inserts of the recombinant DNA clones
for avidin [5] and ovalbumin [26) were digested
by restriction enzymes to obtain fragments of
about 400-600bp in length. The plasmid
pBR322 digested with Hinfl was used as a
negative control. For in situ hybridization, the
fragments were labelled by random priming
with digoxigenin dUTP according to the in-
structions provided by the manufacturer of the
kit (Genius, Boehringer Mannheim). Radio-
active probes were prepared by nick-translation
to a sp. act. of 1-4 x 10% or 1.6 x 10® cpm/ug by
[?P)dCTP or [*S]dATP (Amersham), respect-
ively.

In situ hybridization

Thin paraffin sections (4 um) were mounted
on subbed slides (poly-L-lysine, 0.05%), de-
paraffinized with xylene and rehydrated in
graded ethanol. Prior to hybridization the sec-
tions were treated with proteinase-K (5 ug/ml,
in 10mM Tris—Cl, 2mM CaCl,, pH 7.5) for
5min at 37°C. After washing (2 x 5min with
2 x SSC), the sections were incubated with pre-
hybridization buffer (0.6 M NaCl, 10 mM Tris,
1 x Denhardt’s, 500 ug/ml salmon sperm DNA
and 50 ug/ml yeast tRNA and 50% formamide)
at 37°C for 1h. The hybridization mixture
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contained 10pg/ul and 30pg/ul *S- and
digoxigenin-labelled probe, respectively, and
10% (wt/vol) dextran sulphate added to hybrid-
ization buffer; the 3*S-labelled probe mixture
also contained 10mM dithiothreitol (DTT).
The prehybridization buffer was removed and
the heat-denatured hybridization buffer applied
to the sections covered with coverslips and
hydridized at 42°C for 24 h. After hybridization
the coverslips were removed and the sections
washed with 2 x SSC for 2 x 10 min, 1 x SSC
for 1h and 0.5SSC for 2h at RT (20-25°C).
The digoxigenin-labelled hybrids were detected
with the Genius kit according to the manufac-
turers’ instructions (Boehringer Mannheim).
Specimens hybridized with ¥S-labelled probes
were, after washing, dehydrated through graded
alcohols, dried, dipped in photographic emul-
sion (nuclear Track NTB-2 emulsion, Eastmann
Kodak) and exposed in dark boxes at 4°C for
5-7 days.

Histology

For histological study some sections were
prepared and analysed as described pre-
viously [9]. Briefly, the general structure was
visualized by hematoxylin-eosin (HE) staining
and mucus-producing goblet cells were specifi-
cally stained with alcian blue. The goblet cells
were counted from the surface epithelium in
microscopic view of 250 x magnification, both
after 18 days DES and E, treatments, when the
difference in progesterone-induced avidin pro-
duction following estrogen and DES treatments
disappeared and the oviduct was fully differenti-
ated.

RESULTS

Avidin IEM A and avidin mRNA

The avidin induction by progesterone after
different estrogen treatments is shown in Fig. 1.
The dose of progesterone was kept constant and
chosen to produce the maximal response in the
expression of avidin, since we were interested in
the effects of different estrogen treatments on
avidin induction by progesterone. Avidin was
induced only by progesterone, not by estrogen
alone even at the highest dose (5mg) for
18 days. Statistically significant (P < 0.05,
Student’s ¢-test) induction of avidin by pro-
gesterone (20 mg/kg i.m.) was already observed
after 2 days of estrogen treatment at a dose of
5mg of DES or E,, and after 6 days at a dose
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of 0.05mg of DES or 0.5mg of E, (Fig. 1).
Maximal stimulation of avidin was observed
after DES (0.05 mg) and E, (5 mg) for 12 and 6
days, respectively. Maximal stimulation was
higher after DES than E, pretreatment. A sig-
nificant decrease in stimulation of avidin by
progesterone was seen during prolonged estro-
gen treatment. The decrease was observed be-
tween 6 and 12 days for Smg of E, (P-value
0.003) and between 12 and 18 days for DES
(P-values for doses of 0.05, 0.5 and 5 mg being
0.006, 0.001 and 0.03, respectively). After 18
days’ treatment there was no difference (P-
values >0.05) in avidin expression between
different doses and DES and E, treatments.

We then sought to ascertain whether the
decrease in avidin content in the oviduct after
prolonged E, treatment could be observed at
mRNA level. On the basis of changes at the
protein level described in Fig. 1 we were es-
pecially interested in the 12 days’ treatment. At
this time the maximal avidin stimulation had
already taken place with the high dose of E,.
Figure 2 shows RNA hybridization analysis of
the total oviduct RNA with the avidin-specific
probe. After estrogen pretreatment for 12 days,
avidin mRNA induction by progesterone was
highest after a daily dose of 0.05 mg of E, and
lowest after Smg of E,.

Avidin in situ hybridization

An in situ hybridization technique was used to
determine avidin-producing cell types during
estrogen-induced oviduct differentiation. The
sensitivity and specificity of digoxigenin-labelled
c¢DNA probes were compared with those of
3S-labelled probes. The location of mRNAs
and the sensitivity of hybridization signals were
similar with digoxigenin or radioactive probes,
as shown previously[27]. The digoxigenin-
labelled probes were chosen by reason of their
non-radioactivity, rapidity and easy use com-
pared to *S-labelled probes. After a short
(1 day with 5mg of) E; or DES treatment
progesterone induced avidin expression in some
cells in the surface epithelium (Fig. 3, top left).
At this stage the epithelium is beginning to fold
and these invaginating cells in the surface
epithelium, named protodifferentiated tubular
gland cells by Palmiter and Wrenn [28], express
avidin mRNA. These cells further differentiate
into proper tubular gland cells. After a 6 days’
treatment the tubular glands were formed.
Figure 3, top right, shows that at this stage
avidin expression in some gland cells has
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Fig. 1. Effect of dose and duration of estrogen pretreatment on avidin production by progesterone detected
by IEMA. Avidin production after different times (2, 6, 12 or 18 days) of estrogen treatment (DES or
E, 0.05, 0.5 or 5 mg/day) following a single dose of progesterone (20 mg/kg i.m. for 24 h in vivo) is shown
in separate panels: 2 days, top left; 6 days, top right; 12 days, bottom left; 18 days, bottom right. Each
bar represents the amount of avidin (mean + SEM) in the oviduct magnum mucosa of 5-8 samples in
groups. *P-value <0.05 and **P-value <0.005, compared with the corresponding dose of DES and E,.

already started to decrease. Avidin was ex-
pressed at 6 days’ in surface epithelial cells as at
the onset of differentiation (1 day). The cells of
tubular glands did not express avidin mRNA
evenly (Fig. 3, top right): there were cells with
different hybridization intensities and also cells
with no detectable signal. As a result of pro-
longed estrogen treatment (12 days), avidin
mRNA was synthesized mainly in the surface
epithelial cells, and no avidin-expressing cells
were seen in the glands. In Fig. 3, bottom left,
the cessation of progesterone-induced avidin
synthesis in tubular glands, but not in surface
epithelial cells, is shown following 12 days’

E,-treatment at a dose of 5 mg/day. No hybrid-
ization signal was observed with labelled
pBR322 used as a negative control (Fig. 3,
bottom right).

Histology

To assess the potential pathological changes
and toxic effects caused by high doses of estro-
gen, samples for histological analysis were taken
from 20 animals receiving 5 mg of DES or E, for
12 or 18 days. None of the specimens contained
tumours or abnormal mitose patterns, but
the basal lamina was continuous beneath the
epithelium (Fig. 4). Granular eosinophilic stain-
ing in tubular glands reflected active protein
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Fig. 2. Effect of E, pretreatment on avidin mRNA induction
by progesterone. The chicks were pretreated with different
amounts of E, for 12 days and thereafter received a single
injection of progesterone (20 mg/kg i.m.). Total RNA was
isolated and RNAs separated in denaturing conditions.
After the transfer, the filter was hybridized using a 32P-
labelled cDNAs for avidin and GAPDH as probes.

synthesis induced by estrogen. After 18 days of
treatment, goblet cells were the main surface
epithelial cell type observed (Fig. 4, top and
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bottom left). The proportion of goblet cells in
the epithelium was higher (about 50%, P-value
<0.05) after E, than after DES treatment. High
doses of estrogen (E, or DES) also induced
development of an oviduct on the right side of
the abdominal wall. These “pseudo-oviducts”
occasionally contained cysts filled with fluid in
the serosal layer, but the glandular structure in
the epithelium was histologically indistinguish-
able from the “real” oviduct.

Ovalbumin in situ hybridization, IEMA and ER

The decrease in the progesterone-induced
avidin gene expression appeared to be depen-
dent on estrogen pretreatment and coincided
with the cessation of avidin synthesis in the
tubular gland cells. Therefore, we studied by an
in situ hybridization technique the expression of
estrogen-dependent ovalbumin mRNA and ER
at the stage when the expression of avidin in the
tubular glands had ceased. After 5 mg of E, /day
for 18 days the ER immunoreactivity was strong
in all tubular gland cells, whereas faint staining
was seen in some surface epithelial cells (Fig. 4,
top right). The lower expression of ER was also
in good agreement with the much lower ex-
pression of ovalbumin mRNA in the surface
epithelial cells compared to the tubular gland
cells (Fig. 4, top and bottom right). In order to
make a comparison between avidin and oval-
bumin gene expression we also measured the
amount of ovalbumin (Table 1) following maxi-
mal hormone stimulation (5mg of DES or

SB 43/7—B

(Figs 3 and 4 overleaf)
Fig. 3. In situ hybridization of avidin in the chick oviduct with digoxigenin-labelled 550 bp fragments of
avidin cDNA probe. The time of estrogen pretreatment (5 mg of E,/day) was 1, 6 or 12 days (shown in
the figure), after which chicks received a single injection of progesterone (20 mg/kg, 24 h in vivo). Top left:
after the onset of differentiation the epithelial cells budding to the stroma synthesize avidin. Top right: after
the formation of tubular glands in the differentiating oviduct, avidin is synthesized in both the surface
epithelium and tubular gland cells, but at this stage there is heterogeneity between adjacent gland cells
in the expression of avidin. Bottom left: following high doses of estrogen for 12 days, avidin is expressed
in the differentiated oviduct mainly in the surface epithelium. Bottom right: in the in situ control study
(5 mg of E,/day for 6 days plus progesterone) 550 bp Hinfl fragments of pPR 322 was used instead of
avidin mRNA specific probe. Arrowheads show avidin-expressing surface epithelial and protodifferenti-
ated gland cells. Bold arrows indicate avidin-expressing tubular gland cells. Open arrows indicate
avidin-negative tubular gland cells. L, lumen of the oviduct; E, surface epithelium; S, stroma; TG, tubular
glands. Bar =25 um. No counterstain.

Fig. 4. Location of ER and in situ hybridization of ovalbumin. HE staining of the chick oviduct epithelium
after 18 days’ treatment with 5mg of estrogen/day is shown for DES in the top left and for E, in the
bottom left; note the normal histological structure and the main surface epithelial cell type (goblet cell),
which are more numerous following E, than DES treatment. Top right: immunoreactivity of ER after
18 days’ E, treatment (5mg/day) with monoclonal antibody H222 is located in the gland cells
(arrowheads); some faintly positive cells also in the surface epithelium (shown by arrows). In the
immunohistochemical control study normal rat IgG was used instead of primary antibody. Bottom right:
in situ hybridization of ovalbumin in the chick oviduct following estrogen (5 mg of E,/day for 12 days)
plus progesterone treatment (same sample as in Fig. 3 for avidin in situ at 12 days’ treatment). Reaction
is mainly in the tubular glands. Faint reaction is shown in a few surface epithelial cells (bold arrows). The
hybridization control is shown in Fig. 3, bottom right. E, surface epithelium of the chick oviduct magnum
mucosa; G, tubular glands. Bar =20 um. No counterstain.
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Fig. 3—legend on p. 613.



Effect of estrogen on progesterone action

615

Fig. 4—legend on p. 613.



616

Table 1. The production of ovalbumin [mg/g tissue + SEM (n)] after
high doses (5 mg/day) of estrogen plus a single injection of progester-
one (20 mg/kg) detected by ovalbumin IEMA

Time of treatment DES E,

6 days 65.3+3.5(6) 35.0+2.4 (6)
12 days 113.0+ 154 (7) 110.0 + 10.5 (6)
18 days 114.6 + 14.0 (5) 102.5+11.9 (5)

The difference between 6 and 12 days was significant (P-value
<0.05). The differences between 12 and 18 days’ treatments were
non-significant (P-value >0.05).

E,/day for 6, 12 and 18 days followed by
progesterone 20 mg/kg for 24 h in vivo). The
maximal level of ovalbumin expression was
achieved following 12 days’ treatment and
the quantity of ovalbumin production also
remained on that level following 18 days’ treat-
ment.

DISCUSSION

The teratogenic and carcinogenic effects of
DES[16-19] must be considered when DES-
induced differentiation [9, 15] is compared with
normal development. We have observed, how-
ever, no marked differences between responses
to DES and E,. Furthermore, it is likely that E,
is also carcinogenic if used over long periods of
time or at high doses[29]; the effect depends
primarily on the estrogenic potency, character-
ized by different affinity for the receptor and
different pharmacokinetics and metabolisms of
DES and E, and the time of estrogenic influ-
ence [30-32]. In the histological samples no
tumours or aberrant mitoses were found, but as
a developmental disorder both DES and E,
caused differentiation of the oviduct on the right
side of the abdominal wall. This oviduct nor-
mally regresses possibly due to the action of
androgens [33]. The atrophic effect, however,
appeared to be overridden by high doses of
estrogen.

The induction of avidin by progesterone
was higher at the beginning of differentiation
following DES than E,. This could reflect
differences in the mechanism of action of
these two compounds. Our interpretation of
the difference is that it reflects rather different
differentiation stages after DES and E, priming
and different estrogenic potencies. Since avidin
is a good marker of cytodifferentiation [3, 7], it
appears for example that following 6 days’
treatment with 0.05 mg of DES the epithelial
differentiation had started, but after 6 days’
treatment with 0.05 mg of E, the epithelium was
still non-differentiated. This was confirmed
from the histological samples. The higher avidin
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induction after DES than E, priming could be
explained in part by the observed slightly altered
representation of different cell populations in-
duced by DES and E, (more goblet cells after E,
priming), which is in good agreement with the
finding that avidin is not produced by goblet
celis [9, 34]. This does not, however, totally ex-
plain the difference, since the differences in
avidin production disappeared after full differ-
entiation, although there appeared to be a
difference in the ratio of goblet/surface epi-
thelial cells.

The ability of cells to express avidin appeared
to depend on their differentiation stage. Pro-
gesterone did not induce avidin in the non-
differentiated oviduct, in agreement with
previous studies [3, 9, 28, 35]. Thus the estrogen-
induced cytodifferentiation of the oviduct epi-
thelium is a prerequisite for the cells to produce
avidin following progesterone treatment.
During the first days of estrogen administration,
a potentiation of the progesterone-induced
avidin synthesis was seen. Progesterone had a
maximal effect on avidin gene expression after 6
or 12 days (depending on the dose) of estrogen
treatment, whereafter, the avidin response to
progesterone decreased significantly. The de-
crease in avidin induction by progesterone was
seen not only following DES but also after E,
pretreatment. This appeared to be due to the
cessation of avidin synthesis in tubular gland
cells as suggested for DES in a previous study
based on immunohistochemical analysis using
an affinity-purified polyclonal antibody [9]. The
changes in avidin expression and location can be
explained by different estrogen pretreatment
schedules and by a different differentiation
status of the epithelium. In addition to the
surface epithelial cells, estrogen caused the onset
of cytodifferentiation in protodifferentiated
tubular gland cells capable of synthesizing
avidin. These cells had started the invagination
into the underlying stroma at the very beginning
of differentiation. It is essential that avidin was
found in glandular cells only during early stages
of differentiation; shortly after the formation of
tubular glands. But not in the differentiated
glands after long estrogen treatment. A specific
mechanism for the suppression and regulation
of avidin gene expression is suggested by the fact
that the production of ovalbumin did not de-
crease after long estrogen pretreatment with
high doses followed by a single treatment with
progesterone. Since ovalbumin, the major pro-
tein in egg white albumen [36], is also a marker
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of cytodifferentiation [28, 37-40] the unchange-
able production of ovalbumin after 12 days’
treatment with maximal hormone stimulus indi-
cates that the oviduct epithelium was fully
differentiated after 12 days’ treatment. This is
also supported by the fact that the amount of
ovalbumin per gram of tissue was on the same
level or slightly higher to that which we had
detected in the oviduct of the laying hen[19].

The mechanism of estrogen action may be
explained by estrogen-induced terminal differ-
entiation of the epithelial gland cells. The tubu-
lar gland cells lose their capacity to express the
avidin gene during terminal differentiation of
the cells, unlike surface epithelial cells. It seems
plausible that high doses of estrogen induce a
rapid differentiation of the oviduct, whereas
with low doses of estrogen cytodifferentiation is
a slow process. It is known that progesterone
does not induce avidin in the oviduct of aged
non-laying hens [41]. However, in a previous
study we have shown that avidin gene ex-
pression in the tubular gland cells reappeared
after withdrawal of exogenous estrogen
(DES) [9]. This suggests that estrogen is needed
for the maintenance of differentiated pheno-
types of the cells. The action of estrogen on the
tubular gland cells was supported by the shown
distribution of ER and estrogen-regulated ex-
pression of ovalbumin mRNA. In the differenti-
ated oviduct the tubular gland cells were shown
to be without doubt the target cells for estrogen:
they contained ER and expressed ovalbumin
following estrogen treatment. It was conspicu-
ous that following high doses of estrogen avidin
was expressed by progesterone in the ER-
negative, but not in the ER-positive cells.

It has been shown that gene expression by the
progesterone receptor (PR) can be inhibited by
ER in a dose-dependent manner by a mechan-
ism called transcriptional interference [42]. We
have shown that virtually all of the tubular
gland cells express both ER and PR [9, 22, 43].
Thus the prolonged and/or high doses of estro-
gen treatment might inhibit progesterone func-
tions, like avidin induction, by the same
mechanism. However, as yet we have no reliable
methods for the quantitation of ER and PR
inside cell nuclei in histological samples,
although it clearly appeared that the immuno-
reactivity of ER was negligible in surface epi-
thelial cells when compared to the tubular gland
cells. Furthermore, this cannot totally explain
the observed cessation of avidin expression in
the gland cells during estrogen treatment, since
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it is a rather long process (1-2 weeks). And also
because between days 6-12 there are gland cells,
which contain both receptors [9, 22, 43] and still
express avidin. Thus it is probably that the
suppression of avidin gene expression during
estrogen treatment is caused by cell differen-
tiation, but it cannot be ruled out that it is
partially due to transcriptional interference of
progesterone action by ER.

Acknowledgements—We are indebted to Jan Mester for
discussion and revisions of the article. The authors thank
Lenarita Peltonen, Anja Rovio and Ulla Margit Jukarainen
for excellent technical assistance. The study was supported
by grants from the Emil Aaltonen, Reino Lahtikari and
Sigrid Juselius Foundations, and the Academy of Finland.

REFERENCES

1. Brant J. W. A. and Nalbandov A. V.: Role of sex
hormones in albumen secretion by the oviduct of chick-
ens. Poult. Sci. 35 (1956) 692-700.

2. O’'Malley B. W. and McGuire W. L.: Studies on the
mechanism of estrogen-mediated tissue differentiation:
regulation of nuclear transcription and induction of new
RNA species. Proc. Natn. Acad. Sci. U.S.A. 60 (1968)
1527-1534.

3. O’'Malley B. W., McGuire W. L., Kohler P. O. and
Korenman S. G.: Studies on the mechanism of steroid
hormone regulation of synthesis of specific proteins.
Recent Prog. Horm. Res. 25 (1969) 105-160.

4. Hora J., Gosse B., Rasmussen K. and Spelsberg T. C.:
Estrogen regulation of the biological activity of the
avian oviduct progesterone receptor and its ability to
induce avidin. Endocrinology 119 (1986) 1118-1125.

5. Gope M. L., Keindnen R. A, Kristo P. A., Conneely
O. M., Beattie W. G., Zarucki-Schultz T., O'Malley
B. W. and Kulomaa M. S.: Molecular cloning of the
chicken avidin cDNA. Nucleic Acids Res. 15 (1987)
3595-3606.

6. Tuohimaa P.: Immunofluorescence demonstration of
avidin in the immature chick oviduct epithelium after
progesterone. Histochemistry 44 (1975) 95-101.

7. Kohler P. O., Grimley P. M. and O’'Malley B. W.
Protein synthesis; differential stimulation of cell-specific
proteins in epithelial cells of chick oviduct. Science 160
(1968) 86-87.

8. Rantala 1., Helin H. and Elo H. A.: Immunoelectron
microscopic localization of a progesterone-inducible
protein (avidin) in the chick oviduct mucosa. Endocrin-
ology 110 (1982) 768-772.

9. Joensuu T. K., Ylikomi T. J., Toft D. O., Keinéinen
R. A, Kulomaa M. 8. and Tuohimaa P. J.: Progester-
one-induced avidin as a marker of cytodifferentiation in
the oviduct: Comparison to ovalbumin. Endocrinology
126 (1990) 1143-1155.

10. Terenius L.: Oestrogen binding sites in the chicken
oviduct similar to those of the mouse uterus. Acta
Endocr. 60 (1969) 79-90.

11. Donaldson E. M. and Holmes W. N.: Corticosteroido-
genesis in the fresh water and saline maintained
chick (Anas platyrhynchos). J. Endocr. 32 (1965)
329-336.

12. Nordback 1., Joensuu T. and Tuohimaa P.: Effects of
glucocorticoids and disodium cromoglycate on avidin
production in chick tissues. J. Endocr. 92 (1982)
283-291.

13. Gilbert A. B.. Egg albumen and its formation. In
Physiology and Biochemistry of the Domestic Fowl



618

14,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

25a

26.

27.

28.

T. JOENSUU et al.

(Edited by D. J. Bell and B. M. Freeman). Academic
Press, London, Vol. 3 (1967) p. 1291.

Hertz R., Fraps R. M. and Sebrell W. H.: Endocrino-
logical aspects of avidin formation in the avian oviduct.
Science 100 (1944) 35-36.

. Niemeld A. O. and Elo H. A.: Evidence for a

dissimilarity of chicken oviducts differentiated by
diethylstilboestrol and oestradiol-178: a study of
progesterone-induced  egg-white protein (avidin)
synthesis. Comp. Biochem. Physiol. [A] 84 (1986)
719-722.

Herbst A. L., Ulfelder H. and Poskanzer D. C.: Adeno-
carcinoma of the vagina. Association of maternal
stilbestrol therapy with tumor appearance in young
women. New Engl. J. Med. 284 (1971) 878-881.
Vorherr H., Messer R. H., Vorherr U. F., Jordan S. W.
and Kornfeld M.: Teratogenesis and carcinogenesis in
rat offspring after transplacental and transmammary
exposure to diethylstilbestrol. Biochem. Pharmac. 28
(1979) 1865-1877.

Sumi C., Yokoro K. and Matsushima R.: Effects of
17B-estradiol and diethylstilbestrol on concurrent
development of hepatic, mammary, and pituitary
tumors in WF rats: evidence for differential effect on
liver. J. Natn. Cancer Inst. 73 (1984) 1229-1234.
Baggs R. B, Miller R. K. and Odoroff C. L.: Carcino-
genicity of diethylstilbestrol in the Wistar rat: effect of
postnatal oral contraceptive steroids. Cancer Res. 51
(1991) 3311-3315.

Tuohimaa P., Joensuu T., Isola J., Keinéinen R., Kun-
nas T., Niemeld A., Pekki A., Wallen M., Ylikomi T.
and Kulomaa M.: Development of progestin-specific
response in the chicken oviduct. Int. J. Dev. Biol. 33
(1989) 125-134.

Joensuu T., Tuohimaa P. and Vilja P.: Avidin and
ovalbumin induction by progesterone in chicken
oviduct detected by sensitive immunometric assays.
J. Endocr. 130 (1991) 191-197.

Joensuu T. K. and Tuohimaa P. J.: Ontogeny of the
estrogen receptor in the chick oviduct. J. Steroid Bio-
chem. 34 (1989) 293-296.

Greene G. L., Sobel N. B, King W. J. and Jensen E. V.:
Immunochemical studies of estrogen receptors.
J. Steroid Biochem. 20 (1984) 51-56.

Chomczynski P. and Sacchi N.: Single-step method of
RNA isolation by guanidium thiocyanate-phenol-chlo-
roform extraction. Analyt. Biochem. 162 (1987)
156-159.

Tsai M.-J., Tsai S. Y., Baez M., Simmen F. A., Scott
M., Sargan D. R., Elbecht A. and O’Malley B. W.:
Techniques for analysis of RNA. In Laboratory
Methods Manual (Edited by W. T, Schrader and B. W.
O’Malley). Houston Biological Associates, Houston,
TX, Vol. 13 (1986) pp. 12-21.

. Kunnas T, A,, Joensuu T. K., Viitala K. K., Sopanen

P., Tuohimaa P. and Kulomaa M. S.: Induction of

avidin messenger ribonucleic acid in the chick oviduct -

by progesterone and other steroids. Endocrinology 130
(1992) 3421-3426.

McReynolds L. A,, Catterall J. F. and O'Malley B. W.:
Ovalbumin gene-cloning of a complete ds-cDNA in a
bacterial plasmid. Gene 2 (1977) 217-231.

Kimpton C. P., Corbitt G. and Morris D. J.: Detection
of cytomegalovirus DNA using probes labelled with
digoxigenin. J. Virol. Meth. 24 (1989) 335-346.
Palmiter R. D. and Wrenn J. T.: Interaction of estrogen
and progesterone in chick oviduct development III

29.

30.

3L

32

33.

3s.

36.

3.

38.

39.

41.

42.

43,

Tubular gland cell cytodifferentiation. J. Cell. Biol. 50
(1971) 598-615.

Bergkvist L., Adami H. O., Persson 1., Hoover R. and
Schairer C.: The risk of breast cancer after estrogen and
estrogen-progestin replacement. New Engl. J. Med. 321
(1989) 293-297.

Cox R. F., Catlin G. H. and Carey N. H.: Studies on
the mode of action of oestradiol on chicken oviduct.
Characterisation of oestradiol receptor proteins. Eur.
J. Biochem. 22 (1971) 46-56.

Robel P., Mortel R. and Baulieu E.-E.: Estradiol and
progesterone receptors in human endometrium. In Bio-
chemical Actions of Hormones (Edited by G. Litwack).
Academic Press, New York, Vol. 8 (1981) p. 497.
Metzger D. A, Curtis S. and Korach K. S.: Diethyl-
stilbestrol metabolites and analogs: differential ligand
effects on estrogen receptor interactions with nuclear
matrix sites. Endocrinology 128 (1991) 1785-1791.
Woods J. E., Simpson R. M. and Moore P. L.: Plasma
testosterone levels in the chick embryo. Gen. Comp.
Endocr. 27 (1975) 543-547.

. Kami K. and Yasuda K.: Anatomical distribution of

biotin-binding protein/avidin in the hen oviduct. Acta
Histochem. Cytochem. 21 (1988) 463472,

Kohler P. O., Grimley P. M. and O’'Malley B. W.:
Estrogen induced cytodifferentiation of the ovalbumin-
secreting glands of the chick oviduct. J. Cell. Biol. 40
(1969) 8-27.

Hynes N. E., Groner B, Sippel A. E., Nguyen-Huu
M. C. and Schiitz G.: mRNA complexity and cgg
white protein mRNA content in mature and hormone-
withdrawn oviduct. Cell 11 (1977) 923-932.

Palmiter R. D., Mulvihill E. R., Shepherd J. H. and
McKnight G. S.: Steroid hormone regulation of oval-
bumin and conalbumin gene transcription. A model
based upon multiple regulatory sites and intermediary
proteins. J. Biol. Chem. 256 (1981) 7910-7916.

Oka T. and Schimke R. T.: Interaction of estrogen and
progesterone in chick oviduct development I1. Effects of
estrogen and progesterone on tubular gland cell func-
tion. J. Cell Biol. 43 (1969) 123-137.

Yu J. Y. L., Marquardt R. R. and Hodgson G. C.:
Development, cellular growth, and function of the avian
oviduct. I1. Comparative study on the changes of cellu-
lar components in each region of the domestic fowl
(Gallus domesticus) oviduct during a reproductive cycle.
Can. J. Physiol. Pharmac. %0 (1972) 689—696.

. Yu J. Y. L, Marquardt R. R. and Kondra P. A.:

Development, cellular growth, and function of the
avian oviduct. III Electrophoretic and immunological
patterns of soluble proteins from each region of dom-
estic fowl (Gallus domesticus) oviduct during a repro-
ductive cycle. Comp. Biochem. Physiol. [B] 42 (1972)
627-635.

Miiller W. E. G., Rohde H. J., Léhr J., Zahn R. K. and
Himmelsbach K.: Alternsabhingige Avidin-Induktion
im Wachtelovidukt: Ein Modell fiir die molekular-
biologische Gerontologie. Verh. Dtsch. Ges. Path. 59
(1975) 435-437.

Meyer M.-E., Gronemeyer H., Turcotte B., Bocquel
M.-T., Tasset D. and Chambon P.: Steroid hormone
receptors compete for factors that mediate their en-
hancer function. Cell §7 (1989) 433-442.

Joensuu T. K.: Chick oviduct differentiation. The effect
of estrogen and progesterone on the expression of
progesterone receptor. Cell Diff. Dev. 30 (1990)
207-218.



