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In non-human primates, the oviduct undergoes dramatic, hormonally regulated changes 
in morphological structure. In spayed animals, the epithelium is undifferentiated, and estro
gen treatment can stimulate differentiation to a fully ciliated and secretory state. This 
state can be maintained indefinitely by estrogen, but if progestin treatment is initiated the 
epithelium will atrophy, dedifferentiate, and remain so as long as combined progestin-
estrogen treatment is continued. Oviductal estrogen receptors increase in number during 
estrogen treatment and decrease during combined progestin-estrogen treatment. Consequently 
we have concluded that progestins act as estrogen antagonists by suppressing estrogen re
ceptors below physiologically effective levels. However, our immunocytochemical studies 
show that in estrogen-treated animals, estrogen and progestin receptors are present only in 
secretory cells, stromal cells and smooth muscle cells, not in ciliated cells. This suggests 
that the effects of estrogens and progestins on ciliogenesis must be mediated indirectly, 
through other cell types that contain both receptors. We suggest that the cell type directly 
involved in mediating these effects is the stromal cell, because after combined progestin-
estrogen treatment, only stromal cells retain progestin receptors. Consequently only stromal 
cells can directly mediate the sustained antagonistic effects of progestin treatment. We 
propose a model of steroid hormone action in the oviduct in which estrogens and progestins 
act directly on oviductal stromal cells to regulate the secretion of various growth factors or 
other mediators which are the proximal agents that regulate epithelial cell differentiation in 
the primate oviduct. 

INTRODUCTION 

An extens ive l i te ra ture indica tes t h a t t he 
p r i m a t e ov iduc t is a target o rgan for t h e 
ovar ian s teroids (1 -3) . Es t rogens s t imula te 
g r o w t h of all t h e cellular c o m p o n e n t s , and 
proges t ins inhibi t th is effect. These events 
are par t icu lar ly d r a m a t i c in t h e ov iduc ta l 
ep i the l ium of m a c a q u e s and o t h e r non-
h u m a n p r ima te s . In these species, t he re 
are na tu ra l cycles of d i f fe ren t ia t ion and 
ded i f fe ren t ia t ion (F ig . 1) w h i c h can be 
mimicked in spayed animals t h r o u g h 
app rop r i a t e admin i s t r a t ion o f es t rad io l 
( E 2 ) and p roges te rone (P ) . F o r e x a m p l e , 
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in rhesus m o n k e y s dur ing t h e t w o w e e k s 
after ova r i ec tomy , t h e ov iduc ta l ep i the l ium 
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Fig. 1: A diagram depicting the effects of E, and P on 
the oviductal epithelium. During either natural on hormon
ally manipulated cycles, E 2 stimulated differentiation to 
a ciliated-secretory state: P treatment suppresses the 
effects of E, . 
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dedif ferent ia tes in to a low cuboida l , un
di f ferent ia ted ep i the l ium tha t lacks ciliated 
and secre tory cells (Fig . 2 ) . In such animals , 
a t w o week t r e a t m e n t w i th E 2 can induce 
a fully d i f fe rent ia ted , cil iated and secre tory 
ep i the l ium w h i c h will b e ma in ta ined as 
long as t h e E 2 is con t inued (F ig . 3 ) . If P 
t r e a t m e n t is begun after t w o weeks of 
E 2 t r e a t m e n t , t h e "oviductal ep i the l ium 
will u n d e r g o a d r a m a t i c loss of ci l iat ion, 
and secre tory act ivi ty will cease even 
t h o u g h E 2 t r e a t m e n t is c o n t i n u e d . If t h e 
P t r e a t m e n t is s t opped after t w o weeks 
and t h e E 2 c o n t i n u e d , t h e ep i the l ium will 
redi f ferent ia te t o a ciliated and secre tory 
s t a t e . 

Similar cycles of ci l iat ion and secret ion 
o c c u r dur ing t h e na tu ra l m e n s t r u a l cycle 
of several p r ima te s ; ciliogenesis and increa
sed secre t ion o c c u r dur ing t h e follicular 
phase w h e n E 2 is e levated, and deci l ia t ion 
and decreased secre t ion occur dur ing t h e 
lu teal phase w h e n P rises, even t h o u g h 
E 2 levels r emain subs tan t ia l . In all p r ima te 
species, these p h e n o m e n a are m o r e d r a m a t i c 
in t h e f imbriae and ampul lae and least 
in t h e i s thmic region of t h e ov iduc t . In 
w o m e n , similar h o r m o n a l l y regulated ovi-
duc t a l cycles occur , b u t a smaller percen
tage of t h e cellular p o p u l a t i o n unde rgoes 
c o m p l e t e ci l iat ion-decil iat ion cycles ( 4 ) . 
T h e h u m a n t u b e is at i ts m o s t dedifferen
t ia ted s ta te dur ing late p regnancy because 
of t h e long t e rm suppressive effects of 
P ( 5 ) . 
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Fig. 2: Oviductal epithelium (fimbriae) in a state of full 
regression at the end of the menstrual cycle. A similar 
state can be induced by ovariectomy or by sequential 
Ej-P treatment. The epithelium is atrophied, deciliated 
and nonsecretory. No basal bodies, cilia or secretory 
granules are evident. Original magnification, 630X. 

Abbreviations: B=basal bodies, C=Ciliated cells, E= 
epithelium, L=lumen, S=Stroma, SC=secretory cell. 

Fig. 3: Oviductal epithelium (fimbriae) in the fully cil
iated-secretory state in the late follicular phase. A similar 
state can be induced by 10-14 days of E 2 treatment of a 
spayed animal. Note the basal bodies at the base of each 
cilium in the ciliated cells. The tips of the secretory cells 
are filled with glycoprotein-rich granules and they bulge 
into the lumen beyond the tips of the cilia. Original 
magnification, 630X. 

We hypo thes i zed t ha t such d r a m a t i c 
s teroid effects o n cell d i f fe ren t ia t ion in
volved ac t ion at t h e g e n o m i c level, medi 
a ted b y steroid recep tors , and o u r research 
has b e e n a imed at evaluat ing t h e role of 
r e c e p t o r regula t ion in these effects. We 
have measured es t rogen r ecep to r ( E R ) 
and proges t in r ecep to r (PR) levels in t h e 
ov iduc t t h r o u g h b ind ing and i m m u n o 
assays dur ing t h e na tu ra l cycle and u n d e r 
var ious h o r m o n a l cond i t ions , and we have 
localized these r ecep to r s t o specific cell 
t y p e s b y i m m u n o c y t o c h e m i c a l t e c h n i q u e s 
w i t h m o n o c l o n a l an t i r ecep to r an t ibod ies . 
T h e fol lowing is a review of these s tudies . 

METHODS 

Animals and Hormonal Treatments: We 
have used rhesus {Macaca mulata) and 
c y n o m o l g u s {Macaca fascicularis) macaques 
and found no subs tant ia l species differen
ces. S o m e animals were l apa ro tomized 
and the r ep roduc t ive t r ac t s were remov
ed at different t imes dur ing t h e mens t rua l 
cycle ( 6 ) . O t h e r animals were spayed and 
t h e n t r ea ted b y e i ther injecting E 2 a lone 
o r w i t h P in t ramuscu la r ly (7) or b y implan t 
ing Silastic capsules filled w i th crystal l ine 
s teroids in s u b c u t a n e o u s sites ( 8 , 9 ) . F im-
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br iae , ampul lae and i s thmus were spera ted 
and some pieces were e i ther f rozen for 
i m m u n o c y t o c h e m i s t r y (ICC) o r fixed for 
h is to logy. T h e remain ing tissue was h o m o 
genized for E R and P R assays. 

Antibodies: T h e m o n o c l o n a l a n t i b o d y 
H 2 2 2 was originally p repared against 
purif ied E R ob ta ined from a h u m a n breas t 
cancer cell line (MCF-7) by G r e e n e et al. 
( 1 0 ) . T h e an t iPR a n t i b o d y (B39) had 
b e e n p repa red against h u m a n PR ( 1 1 ) . 
These an t ibod ies cross-react s t rongly w i th 
t h e rhesus m o n k e y E R and P R ( 1 2 ) . A 
m o n o c l o n a l a n t i b o d y of t h e same i m m u n o 
globul in subclass ( I g G 2 a ) , an t i -T imo thy 
grass pol len (AT) was used as a nonspeci f ic 
con t ro l a n t i b o d y , cour tesy of Dr . A r t h u r 
Malley, O r e g o n Regiona l P r i m a t e Research 
C e n t e r (Beaver ton , O R ) . 

Receptor Assays: Nuclear and cy to -
solic E R were ana lyzed w i th b ind ing as
says as previously descr ibed ( 8 ) . We have 
also used sucrose g rad ien t s t o quan t i fy 
the level o f cy toso l ic E R ( 7 ) , and develop
ed a quan t i t a t i ve grad ien t shift assay (GSA) 
for ac t ivated nuc lea r E R w h i c h uses 3 H -
E 2 and t h e an t i -ER m o n o c l o n a l a n t i b o d y 
H 2 2 2 to effect a physica l separa t ion o n a 
high salt sucrose grad ien t of t h e 3 H - E 2 -
E R : an t i -ER c o m p l e x f rom nonspeci f ic bin
ders . T h e specificity and sensit ivity of th is 
G S A have been r e p o r t e d ( 1 3 14). Progeste
r o n e r e c e p t o r was measured w i th a b ind ing 
assay as previously descr ibed ( 1 5 ) . 

Immunocytochemistry (ICC): R e c e p t o r s 
were localized w i th t h e i m m u n o c y t o c h e m -
ical m e t h o d previously described (9 ) 
and subsequen t ly modif ied ( 1 6 ) . F r o z e n 
b locks were sec t ioned (5 /xm) o n a cryo-
stat , sec t ions were m o u n t e d o n gelat in 
coa ted glass slides, l ightly fixed, washed , 
and incuba ted overnight at 4<>C w i t h 
e i ther H 2 2 2 ( 1 0 jxg /ml) , B 3 9 (1 Mg / m l ) , 
o r A T ( 1 0 Mg /ml ) as a con t ro l for non
specific s taining. T h e p r imary an t ibod ies 
were d e t e c t e d w i t h an avidin-biot in pe ro 
xidase k i t f rom V e c t o r Labora to r i e s . In 
o u r m o s t r ecen t w o r k we have placed t h e 
freshly cut frozen sect ions in abso lu te 
ace tone for 48 h ât - 8 0 O C t o freeze-
subs t i t u t e t h e m before f ixa t ion , and in
c luded 1 . 5 * po lyv iny lpy r ro l i done in t h e 
fixative, wash and i n c u b a t i o n so lu t ions . 

We have found these s teps improve cell 
m o r p h o l o g y and re ta in m o r e p r o t e i n in 
t h e f rozen sect ions ( 1 6 ) . 

Morphology: Samples of tissues were 
fixed in a g lu t a ra ldehyde- fo rma ldehyde 
m i x t u r e , and e m b e d d e d in Ara ld i te for light 
a n d / o r e lec t ron mic roscopy ( 2 ) . 

RESULTS 

Artificial cycles 

In o u r first s t udy (7 ) , t w o consecut ive 
artificial mens t rua l cycles were p roduc 
ed in n ine spayed m o n k e y s b y dai ly injec
t i o n o f a sequent ia l E 2 -P regimen as fol lows: 
Cycle I: E 2 b e n z o a t e ( 2 0 Mg / day for 10 
days) t hen P (1 .5 y g / d a y ) and E 2 b e n z o a t e 
( 2 0 jug/day) for 19 days . Cycle I I : E 2 

b e n z o a t e ( 2 0 Mg / day for 14 days) t hen 
P (1 .5 m g / d a y ) and E 2 b e n z o a t e ( 2 0 
jtig/day) for 21 days . O n e ov iduc t was 
r emoved dur ing Cycle I and t h e remain
ing ov iduc t was removed dur ing Cycle 
I I . In add i t ion , o t h e r animals were t rea ted 
similarly t o p r o d u c e t w o cycles and were 
sampled a t t h r ee critical t imes : 1st, af ter 
14 days o f E 2 a lone ; 2 n d , after a subse
q u e n t 21 days of E 2 p lus P ; and 3rd , 
after 14 m o r e days of E 2 a lone . 

T h e resul ts showed t h a t ciliogenesis and 
t h e d e v e l o p m e n t o f sec re to ry act ivi ty 
occur red w h e n E 2 acted a lone , and a t r o p h y , 
deci l ia t ion and cessat ion of secre t ion t o o k 
place w h e n P was admin is te red , even 
t h o u g h E 2 levels remained cons t an t at 
a p p r o x i m a t e l y 2 0 0 pg /ml . Reci l ia t ion and 
secret ion occur red after t h e P t r e a t m e n t 
was s t o p p e d . Th i s was t h e first demons t r a 
t ion tha t P could an tagonize the effects 
of E 2 o n oviducta l epi thel ia l d i f ferent ia t ion 
in p r ima tes . 

In this w o r k , we used sucrose gradient 
assays t o quan t i fy t h e a m o u n t of cy toso l ic 
E R . We found t h a t E 2 increased t h e level 
of E R , t h a t sequent ia l P admin i s t r a t ion 
great ly suppressed t h e cy tosol ic E R , and 
t ha t w h e n P t r e a t m e n t ceased, E R levels 
recovered . Overal l , t h e waxing and wan
ing of t h e ov iduc ta l ep i the l ium, as measur
ed b y t h e height of t h e ciliated cells and 
t h e pe r cen t of ci l iat ion, was mi r ro red by 
t h e increase and decrease in t h e level of 
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TABLE 1 

The effects of estradiol and progesterone on ciliation, cell height and cytosolic ER in the oviducts 
of spayed rhesus monkeys 3 

Time Estradiol Progesterone Cytosolic Percent Cell 
Sampled (Pg/ml) (ng/ml) ERd ciliation height 

(Mm) 

E-14-lb 160 ± 12 1.5 ± 0.2 30 ± 3 63 ± 1.4 25 ± 2.4 

P - 2 1 b 93 ± 19 10.3 ± 0.8 No peak 14 ± 16 ± 0.8d 

E-14-Ilb 259 ± 54 0.6 ± 0.5 25.7 ± 7 57 ± 2.0 31 + 1.1 

All data are expressed as means ± standard errors. The table is based on data in reference N° 7. 
b E-14-I: estradiol benzoate, 20 Mg/day for 14 days (n:.3). 

P-21: Same as above plus 21 additional days of progesterone (1.5 mg/day) and estradiol benzoate (20 Mg/day) 
(n=4). 

E-14-II: Same as above plus 14 additional days of estradiol benzoate (20 Mg/day) (n=3). 

c DPM o f 3 H estradiol in 8S.peak/jUg DNA. 

d Significantly different from E-l 4-1 or II, p < 0.001. 

cy toso l ic E R (Tab le 1). Add i t iona l ly , 
m e a s u r e m e n t s of t h e ac tua l t issue concen
t r a t i ons o f E 2 showed t h a t t he r e was 
significantly less E 2 b o u n d to t h e ov iduc ta l 
t issues w h e n P was admin is te red even 
t h o u g h serum E 2 levels r emained cons tan t 
( 7 , 17). C o n s e q u e n t l y , we conc luded t ha t 
t h e suppressive effects of P o n E 2 -depen
d e n t ov iduc ta l d i f ferent ia t ion were d u e t o 
t h e suppress ion of cy toso l ic E R t o levels 
so low t h a t t h e a m o u n t of E 2 b o u n d in 
the ov iduc t was be low t h e th resho ld for 
E 2 ac t ion . 

In o u r m o r e recen t s tudies , we con t ro l 
led h o r m o n e levels b y implan t ing s teroid-
filled, silastic capsules in to s u b c u t a n e o u s 
sites. Such capsules release relat ively con
s tant levels of s teroids over long per iods , 
and serum h o r m o n e levels are easily man i 
pu la t ed b y inser t ing or removing t h e cap
sules. In o n e s tudy (18 ) ov iduc t s were 
removed f rom spayed c y n o m o l g u s maca
ques t h a t had b e e n e i ther u n t r e a t e d , t rea t 
ed w i t h a 2 .0 cm E 2 imp lan t for t w o weeks , 
o r t r ea t ed first w i t h a 2 .0 cm E 2 imp lan t 
for 2 w e e k s and t h e n w i t h an add i t iona l 
6.0 cm P implan t for 2 m o r e weeks . 

As be fo re , c i l ia t ion/secre t ion was induc
ed b y t h e E 2 t r e a t m e n t and suppressed b y 
t h e sequen t ia l E 2 - P t r e a t m e n t . In th is 
w o r k we used b ind ing and exchange assays 
to m e a s u r e b o t h cy toso l ic and nuc lear 
E R , and expressed t h e m pe r m g D N A . 

T o t a l E R w a s t h e ca lcula ted sum of t h e 
nuc lea r and cy toso l ic values . T h e b ind ing 
assays (F ig . 4 , t abu la r da ta ) showed t ha t 
E R levels ( t o t a l , cy toso l ic and nuclear) 
were elevated b y t h e E 2 t r e a t m e n t and 
suppressed b y t h e P t r e a t m e n t . T h e s e da ta 
e x p a n d e d o u r p rev ious resul ts t o inc lude 
nuc lea r and t o t a l E R levels. However , 
o u r conc lus ion remained t h e same, name ly 
t h a t t h e m e c h a n i s m b y w h i c h P an tago
nized the effects of E 2 o n t h e ov iduc t was 
b y suppressing t h e level of ov iduc ta l E R 
be low t h e th re sho ld requi red t o m e d i a t e 
E 2 ac t ion . 

T h e b inding assays indica ted t h a t in 
u n t r e a t e d spayed animals m o s t of t h e 
r e c e p t o r was in t h e cy tosol ic f rac t ion , b u t 
t h e ICC s tudies ind ica ted t h a t all of t h e 
specific staining was in t h e nucle i of s t romal 
and epi thel ia l cells (F ig . 4A) as well as t h e 
nucle i of s m o o t h musc le cells ( n o t s h o w n ) . 
Af te r E 2 t r e a t m e n t m o r e E R was found 
in b o t h t h e cy toso l ic and nuc lear f ract ions 
and t h e r e was an increase in b o t h t h e 
in tens i ty of s taining of cell nuc le i and t h e 
n u m b e r of posi t ively s tained cells (Fig . 
4B) . Sequen t ia l P t r e a t m e n t lowered cy
toso l ic and nuc lear E R in t h e ov iduc t 
significantly be low t h e a m o u n t p resen t in 
E 2 t r ea t ed animals , and lowered t h e cy
tosol ic , b u t n o t t h e nuc lear levels signifi
cant ly be low t h e levels found in spayed 
animals . Af te r such sequent ia l P t r e a t m e n t , 
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Fig. 4: A composite diagram that shows the effects of three treatments on oviductal estrogen receptor (ER). Panel 
A = spayed, untreated; Panel B = spayed, treated with E 2 for 14 days; Panel C = spayed, treated with E, for 14 days 
and E, plus P for additional 14 days. The top part of each panel is a photomicrograph of oviductal epithelium (am
pulla) stained for ER. The bottom part of each panel is a tabulation of the mean amount of ER measured by binding 
assays in oviducts from the same treatment groups. Values with the same superscript letter are significantly different 
between treatment groups (p < 0.01). Note that in spayed animals, a small number of stromal and epithelial cells are 
positive for ER. After E a treatment this number increases, and after P treatment, the number of ER-positive cells in 
the stroma and the epithelium decreases to less than in spayed animals. The staining evident in the stroma is nonspecific 
background staining that was also evident in anti-Timothy grass pollen stained controls. Total receptor levels follow 
the same pattern. Note that all positive staining is confined to cell nuclei. Original magnification: A = 630X, B = 400X, 
C = 630X. 

staining for E R was n o longer de t ec t ab le 
in s t romal o r epi thel ia l cell nucle i (Fig . 
4C) and was great ly suppressed in s m o o t h 
musc le nucle i . T h u s t h e changes in t h e 
staining for E R de t ec t ed b y ICC in cell 
nucle i paral leled t h e changes in t h e t o t a l 
a m o u n t of E R measu red b y b inding assays 
in the combined cytosol ic and nuc lea r 
f ract ions . T h e s e findings s u p p o r t t h e cur ren t 
view (19 ) t ha t t h e E R is a nuc lear p ro t e in 
w h i c h is synthes ized in t h e cy top la sm and 
rapidly en te r s t h e nuc leus in spayed as 
well as in h o r m o n e - t r e a t e d animals . 

The re fo re , in target cells of spayed 
animals , all of t h e E R is p resen t and can 
be s tained in t h e cell nuclei in frozen sec
t ions , b u t a large a m o u n t m a y e n t e r t he 
cytosol ic f ract ion w h e n t h e t issue is h o 
mogen ized . In E 2 t r ea ted animals a pa r t of 
th is p o p u l a t i o n of E R b inds E 2 and de
velops a h igher affinity for ch roma t in . 
C o n s e q u e n t l y , w h e n cells from E 2 - t r e a t e d 
animals are rup tu r ed in d i lu te buffers , 
s o m e E R remains in t h e nuc lear f ract ion, 
and s o m e en te r s the cy toso l ic f rac t ion ; 

t h e ra t io b e t w e e n these d e p e n d s o n t h e 
n u m b e r of E R molecu les w i t h high affinity 
for c h r o m a t i n . E R is a lways d e t e c t e d in 
cell nuclei in frozen sect ions by ICC 
regardless of t h e h o r m o n a l s ta te of t h e 
animal because t h e p ro t e in is t r apped the re 
by t h e freezing t e c h n i q u e . Also , t he in
tens i ty of staining as well as t h e n u m b e r 
of posi t ively s tained cells is d i rec t ly p ro
p o r t i o n a l to t h e t o t a l a m o u n t of E R 
de t ec t ed in nuclear and cytosol ic f ract ions 
b y b inding assays. Similar conclus ions as 
t o t h e nuclear local izat ion of t h e E R and 
PR have b e e n reached b y m a n y labora
tor ies w h o have compared i m m u n o c y t o -
chemica l and b iochemica l s tudies ( 2 0 - 2 2 ) . 

The natural cycle 

We have also measured cyclic changes in 
ov iduc ta l E R dur ing t h e course of t h e 
na tu ra l mens t rua l cycle ( 2 3 ) . In t h a t s tudy 
we r emoved t h e ovaries, u t e r i and ov iduc t s 
f rom 27 c y n o m o l g u s m o n k e y s at intervals 
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dur ing t h e cycle , and corre la ted oviducta l 
h is to logy w i t h ovar ian and e n d o m e t r i a l 
h is to logy and serum E 2 and P levels. Con
sequen t ly w e were able t o def ine t h e 
changes t ha t o c c u r dur ing t h e na tu ra l 
ov iduc ta l cycle very precisely . We found 
t ha t ov iduc ts could be classified in to t h e 
fol lowing stages, depend ing o n t h e degree 
to wh ich t h e cycle had progressed: pre-
ciliogenic-ciliogenic (menses , early fol
l icular) , ciliogenic-ciliated (midfol l icular ) , 
cil iated-cil iogenic ( la te fol l icular) , cil iated-
secre tory (pe r iovu la to ry ) , early regression 
(early lu tea l ) , la te regression (mid lu tea l ) , 
and full regression ( la te lu tea l ) . Ov iduc t s 
in t h e cil iogenic and ci l ia ted-secretory 
stages were in progressively later stages of 
cilia f o rma t ion and secre tory act ivi ty and 
were from animals in w h i c h E 2 was acting 
u n o p p o s e d b y P ; ov iduc t s in t h e var ious 
stages of regression were in progressively 
later stages of a t r o p h y , deci l ia t ion and 
cessat ion of secre t ion and were from 
animals w i t h elevated serum P levels. 
Sec re to ry cells b e c a m e max ima l ly tall 
and filled w i t h granules dur ing t h e fol
licular phase ; t hey a t roph ied and b e c a m e 
degranula ted dur ing t h e luteal phase . 

Cy toso l i c and nuc lear E R levels were sig
nif icant ly h igher in ov iduc t s t h a t were 
in var ious stages of ciliogenesis t h a n in 
t hose t h a t were in stages of late and full 
regression (Tab le 2 ) . C o n s e q u e n t l y we 
conc luded t h a t in t h e na tu ra l cycle , as in 
h o r m o n a l l y t r ea t ed animals , P could an
tagonize t h e effects of E 2 o n oviducta l 
d i f ferent ia t ion b y suppressing E R levels 
be low t h e th resho ld requi red to facil i tate 
E 2 ac t ion . 

Immunocytochemical heterogeneity 

In all of o u r s tudies , t h e i m m u n o c y t o 
chemical p r epa ra t i ons showed t h a t E R 
staining in t h e ov iduc ta l ep i the l ium was 
cons is ten t ly h e t e r o g e n e o u s (F ig . 4B) . T h a t 
is, n o t all epi thel ia l cells were posi t ive for 
E R . Close e x a m i n a t i o n of large n u m b e r s 
of E 2 - t r e a t e d ov iduc t s showed t h a t t h e 
s t romal cell p o p u l a t i o n and t h e secre tory 
cell p o p u l a t i o n were cons is ten t ly posi t ive 
for E R b u t t ha t t h e cil iated cell popu la 
t ion was cons is ten t ly ER-negat ive (Figs . 
5 and 6 ) . Af te r P t r e a t m e n t , it was t h e 
s t roma l and secre tory cells t ha t lost all 
de t ec t ab le staining for E R in paral lel w i th 

TABLE 2 

Comparison of serum steroids with oviduct estrogen receptor levels in the early follicular 
and late luteal phases of the natural menstrual cycle 2 

Stage of the menstrual cycle 

Late luteal 
(n=9) 

Early 
follicular 
(n=9) 

Serum steroids: 
E 2 (pg/ml ± SEM) 
P (ng/ml ± SEM) 

Estrogen receptor levels: 
Cytosol (dpm/Mg protein ± SEM) 
Nuclear (dpm/jUg DNA ± SEM) 

Morphological stage: 

70 ± 12 
3.6 ± 1.4 

15 
32 

± 1 
± 3 

Late and full 
regression 

98 ± 16 
0.38 ± 0.11 

29 
68 

± 2 
± 7 

NS 
<0.05 

< 0.001 
< 0.001 

Preciliogenic-ciliogenic 
Ciliogenic-ciliated 

In this tabulation, data on nine animals in the late luteal phase (last two oviductal stages) are specifically compared 
with data on nine animals in the early follicular phase (first three oviductal stages). The table is based on data in 
reference N° 23. The two major columns in the table under the heading "Stage of the menstrual cycle" compare 
various data from the late luteal and early follicular phases. These data are serum estradiol (E,), serum progesterone 
(P), nuclear and cytosolic estrogen receptor, and morphological stage. For each parameter, a Student's t test was 
used to determine whether the differences between the follicular and luteal phases were significant. The P values 
for each comparison are presented in the last column on the right side of the table. 
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Fig. 5: Estrogen receptor (ER) staining in oviductal 
epithelium (ampulla) in fully ciliated-secretory state. 
Panel A: stained with AT, a control antibody and hema
toxylin to show nuclei. Panel B: stained with H222 for 
ER, and hematoxylin for nuclei. Comparison of the two 
panels shows that not all nuclei in the epithelium are 
positive for ER. This heterogeneity is highly consistent, 
and careful examination shows that the ER-positive 
nuclei are in stromal and secretory cells, not ciliated 
cells. This heterogeneity can also be seen in Fig. 4B. The 
ciliated cells are all ER-negative; this is best seen in Fig. 
6. Original magnification: 400X. The arrows point to 
ER-positive secretory cells. 

6 L * — 

Fig. 6: Estrogen receptor (ER) staining in oviductal 
epithelium (fimbriae) in the ciliated-secretory state. 
This micrograph also shows that the ciliated cells are 
ER-negative and the stromal and secretory cells are 
ER-positive. The cilia are difficult to discern in photo
micrographs of frozen sections but the characteristic 
basal bodies are readily apparent. Original magnifica
tion: 900X. 

t h e suppress ion in t o t a l E R measu red by 
b inding and exchange assays (F ig . AC). 
This suppressive effect of P o n s t romal 
and secre tory cell E R occur red wi th in 
2 4 h o u r s of P t r e a t m e n t ( 1 8 ) . Fig . 7 shows 
a series of i m m u n o c y t o c h e m i c a l prepara
t ions of ov iduc ts from animals t r ea t ed 
for 14 days w i th E 2 (Fig. 7A) and t hen 
sampled 1 h (F ig . 7 B ) , 3 h (Fig . 7C) and 
12-24 h (F ig . 7D) after onse t of P t reat 
m e n t , w i t h E 2 t r e a t m e n t ma in ta ined 
t h r o u g h o u t . T h e first clearly de t ec t ab l e 
evidence of suppress ion of E R staining 
occur red b e t w e e n 12-24 h. T h u s o n e d a y 
af ter P t r e a t m e n t began E R was suppres
sed t o very low levels in s t romal and 
sec re to ry cells. T h e first evidence of de-
cil iat ion and suppress ion of secre t ion was 
usual ly evident w i th in 48-72 h o u r s of t h e 
onse t of P t r e a t m e n t , t h u s t h e decl ine in 
E R preceded t h e biological effects of P 
w h i c h suppor t s t h e role of th is decl ine as 
a causal fac tor in P an tagonism of E 2 ac
t ion . 

Fig. 7: A composite figure which shows the effect of pro
gesterone (P) on oviductal (fimbriae) estrogen receptor 
(ER) at 0 h (A), 1 h (B), 3 h (C) and 12-24 h (D) after im
plantation of a P capsule into animals that had been 
treated with an E a implant for the previous 14 days. 
Staining for ER was not clearly reduced until 12-24 
hours after P treatment, and it was suppressed in stro
mal and secretory cells at approximately the same rate. 
Binding assays for cytosolic and nuclear ER were also 
done at the same time intervals (see reference 18). Nu
clear ER was significantly lowered within 1-3 h, but 
cytosolic and total ER were not significantly lowered 
until 12-24 h. This supports the view that the amount 
of nuclear staining revealed by this immunocytochemical 
methods is proportional to the total amount measured 
in binding assays, not just the amount measured in the 
nuclear fraction. 
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I m m u n o c y t o c h e m i s t r y also showed t h a t 
in spayed animals , P R staining was min imal . 
In t h e E 2 t r ea ted animals , t he re was a 
d r a m a t i c increase in nuc lear staining for 
PR in t h e s m o o t h musc le , t h e s t romal and 
the secre tory cells, b u t again, t h e ciliated 
epi thel ia l cells were negative for P R ju s t 
as t hey were for E R (Fig . 8 A , B) . In t h e 
animals t rea ted w i t h t h e sequent ia l E 2 -
P reg imen, staining for P R was comple te ly 
suppressed in t h e ep i the l ium to n o n d e t e c -
tab le levels b u t r ema ined readily de t ec t ab le 
in t h e s t r oma (Fig . 9 A , B) . As a check 
o n t h e sensit ivity of t h e ICC t e c h n i q u e , 
we p repared very th ick frozen sect ions 
( 3 0 tim, in con t r a s t t o t h e usual th ickness 
of 5 nm) to increase t h e c o n c e n t r a t i o n of 
the P R ant igen in t h e sect ions . When we 
pe r fo rmed ICC o n these th i cke r sect ions , 
t he ep i the l ium remained negat ive for P R 
while t h e s t romal cells s tained very dark ly 
for PR (Fig . 10) . This conf i rmed t h a t t h e 

Fig. 8: Two examples, A and B, of oviductal epithelium 
(ampulla) in the ciliated-secretory state stained for pro
gesterone receptor (PR). As with estrogen receptor (ER), 
only the stromal and secretory cells are PR-positive. Orig
inal magnification: 630X. 

Fig. 9: Two examples, A and B, of progesterone recep
tor (PR) staining of oviductal epithelium in the fully 
regressed state induced by sequential E 2-P treatment. 
PR remains easily detectable in the stroma but is unde
tectable in the majority of epithelial cells. Original mag
nification: 630X. 

Fig. 10: Progesterone receptor (PR) staining in a thick 
section (30 jUm) of oviductal epithelium (fimbriae) in 
the fully regressed state induced by sequential E 2-P 
treatment. In such a thick section, the antigen concen
tration would be increased 5-6 fold over the amount 
normally in a 5 |Um section. Yet PR remains undetect
able in the epithelium while it overstains in the stroma. 
Original magnification: 630X. 
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absence of s taining for PR in t h e ep i the
lium in r o u t i n e sec t ions was n o t d u e t o 
insensi t ivi ty of t h e t e c h n i q u e . 

M e a s u r e m e n t s of PR b y b ind ing assays 
conf i rmed t h a t sequent ia l P t r e a t m e n t 
d o w n r e g u l a t e d t o t a l P R . F o r e x a m p l e 
( 1 5 ) , in E 2 t r ea ted animals t h e levels of 
P R in p m o l / m g D N A were as follows: 
cy toso l ic , 12.8 ± 2 . 2 ; nuclear , 1.95 ± 0 .34 ; 
to ta l , 14.8 + 2.6 ( N = 6 ) . In sequent ia l 
E 2 - P t rea ted animals , PR levels were sig
nif icant ly r educed ( P < 0 . 0 0 1 ) for each 
ca tegory as fol lows: cy tosol ic , 0 .57 ± 0 .20 ; 
nuc lear , 0 .46 ± 0 . 1 4 ; to ta l , 1.03 ± 0 .31 
(N—8). Th i s suppress ion b y P of its o w n 
r e c e p t o r has b e e n found in var ious P 
target organs in var ious species ( 2 4 ) . O u r 
i m m u n o c y t o c h e m i c a l resul ts suggest, h o w 
ever, t ha t t h e suppress ion of PR is m u c h 
m o r e c o m p l e t e in t h e ep i the l ium t h a n in 
the s t roma ( and t h e s m o o t h musc le ) , and 
t h a t it is t h e a m o u n t of P R remaining in 
t h e s t romal cells t h a t med ia t e s t h e con
t inu ing effect of P o n t h e oviducta l epi
t h e l i u m . 

DISCUSSION 

A new model of hormone action in 
the oviductal epithelium 

such effects are med ia t ed b y di rec t j u n c 
t iona l con tac t b e t w e e n s t romal and ep i the
lial cells. In earl ier e l ec t ron mic roscop ic 
s tudies , we never observed such c o n t a c t s 
( 2 ) , and t o o u r k n o w l e d g e , n o n e have been 
r e po r t ed . 

Accord ing ly , in this m o d e l of h o r m o n e 
ac t ion (see Figs. 1 1 , 12) , E 2 wou ld act 
d i rec t ly at t h e g e n o m i c level t h r o u g h 
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Fig. 11: A summary diagram which indicates that al
though E 2 induces the ciliated-secretory state, estrogen 
receptor (ER) is only present in stromal and secretory 
cells. E, also induces progesterone receptor (PR), but 
only in stromal and secretory cells. When P acts, it sup
presses the effects of E 2 on ciliated and secretory cells, 
even though PR is only present in stromal and secretory 
cells when P action begins. After P action is completed, 
only stromal cells maintain PR, so these cells must be 
responsible for the maintenance of the P effect. 

These resul ts have raised n u m e r o u s ques
t ions concern ing t h e m o d e o f ac t ion of 
E 2 and P at t h e cellular level. F i r s t , E R 
and PR are b o t h lacking from ciliated 
cells y e t E 2 s t imula tes ciliogenesis and P 
inhibi t s it. H o w can E 2 and P affect cells 
t ha t lack E R and PR? Second , P suppresses 
its o w n r ecep to r , y e t as long as its injec
t ion is c o n t i n u e d , it will c o n t i n u e t o act 
as an es t rogen an tagonis t in t issues w i th 
grea t ly r educed levels of PR . H o w does P 
ma in t a in i ts effects whi le suppressing its 
o w n r ecep to r? 

We suggest t h a t m a n y of t h e effects of 
E 2 and P o n t h e s ta te of d i f ferent ia t ion of 
t h e oviducta l ep i the l ium are med ia t ed 
indi rec t ly , t h r o u g h soluble g r o w t h factors 
( o r u n k n o w n med ia to r s ) secre ted b y 
s t romal cells. S t r o m a l cells are separa ted 
from t h e ep i the l ium b y a def ini te base
m e n t m e m b r a n e , so it is un l ike ly t h a t 
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Fig. 12: A summary diagram which indicates a new 
model of steroid hormone action in the oviductal epithe
lium. E 2 and P act through their respective receptors 
(ER and PR) in stromal cells to regulate the secretion of 
mediators, probably growth factors. It is these mediators 
that directly influence the state of differentiation of the 
oviductal epithelium. P acts through PR in stromal cells 
to lower stromal ER and this leads to lowered secretion 
of the E,-dependent mediators. Withdrawal of these me
diators leads to oviductal dedifferentiation, as if E 2 

itself had been withdrawn. 
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t h e E R in s t romal cells t o induce t h e se
cre t ion of g r o w t h factors t h a t wou ld dif
fuse across t h e basal lamina and s t imula te 
g r o w t h and di f ferent ia t ion in t h e ER-
negative cil iogenic epi thel ia l cells. E R is 
p resen t in secre tory cells, so E 2 could act 
d i rec t ly at t h e g e n o m i c level in secre tory 
cells t o s t imula te secret ion of specific 
ov iduc ta l g lycopro te ins . Dur ing E 2 ac t ions , 
P R is induced in s t romal and secre tory 
cells on ly , n o t ciliated cella. C o n s e q u e n t l y 
w h e n P levels rise, P can act d i rec t ly in 
PR-posi t ive s t romal and secre tory cells t o 
suppress E R in b o t h cell t y p e s and t h u s 
inhibi t t h e secret ion of E 2 d e p e n d e n t 
ov iducta l g lycopro te ins from t h e secre tory 
cells and g r o w t h factors from t h e s t romal 
cells. In add i t ion , P might s t imula te t h e 
release of specific g r o w t h of d i f fe ren t ia t ion 
inh ib i to rs f rom s t romal cells. T h e effects 
are t h e same as observed after ova r i ec tomy 
o r E 2 w i thd rawa l , namely a t r o p h y , deci-
l iat ion and cessat ion of secret ion. 

As P con t inues t o act it eventual ly d o w n -
regula tes P R comple te ly in t h e secre tory 
cells b u t on ly par t ia l ly in t h e s t romal cells. 
Because t h e suppressive effects of P o n E 2 

ac t ion in t h e ep i the l ium c o n t i n u e inde
finitely un t i l P t r e a t m e n t is s topped , and 
because on ly s t romal cells re ta in P R 
dur ing susta ined P ac t ion , we conc lude 
t h a t t h e susta ined an tagon ism of t h e 
ep i the l ium by P is med i a t ed ind i rec t ly 
b y t h e s t roma. Specifically, we suggest it 
is t h e suppress ion of E R b y P in s t romal 
cells t h a t is responsible for the inabi l i ty 
of E 2 t o act in t h e presence of E 2 and P. 
O n c e P t r e a t m e n t is s topped , E R can re
cover spon taneous ly (as it d o e s in spayed 
animals) t o levels adequa t e t o med ia t e E 2 

ac t ions in s t romal and secre tory cells. 
These cells can t h e n increase the i r E R 
and P R levels in response t o E 2 , t h e s t romal 
cells can secrete the i r specific m e d i a t o r s , 
and t h e cycle of d i f ferent ia t ion of t h e 
ov iduc ta l ep i the l ium can begin anew. 

Wha t are these p r e s u m e d s t romal me
dia tors? Are t hey well k n o w n g r o w t h 
fac tors such as ep ide rmal g r o w t h fac tor 
o r insulin-like g r o w t h fac tor o r are t h e y 
u n k n o w n , oviduct-specif ic pept ides? A t 
the m o m e n t we canno t answer such ques
t ions . However , o u r l abo ra to ry is n o w 

pursu ing these and o t h e r possibil i t ies 
w i th t h e t e c h n i q u e s of i m m u n o c y t o c h e -
mis t ry , in situ hyb r id i za t ion and R N A blo t 
analysis. We h o p e t o localize var ious k n o w n 
p e p t i d e g r o w t h factors a n d / o r the i r m R N A s 
to t h e different cell t y p e s of t h e p r ima te 
ov iduc t u n d e r con t ro l l ed , h o r m o n a l con
d i t ions . O u r goal is t o tes t t h e p red ic t ions 
of o u r cu r ren t m o d e l and refine it in to a 
new, definit ive analysis of s teroid h o r m o n e 
ac t ion in t h e ov iduc ta l ep i the l ium of pri
m a t e s . O v u m t r a n s p o r t , fer t i l izat ion, ear ly 
e m b r y o d e v e l o p m e n t and t h e n o r m a l de
livery of t h e e m b r y o i n t o t h e u t e r u s all 
d e p e n d on a func t iona l ov iduc ta l ep i the
l ium. A m o r e refined m o d e l of s teroid 
h o r m o n e act ion in the ov iduc t wou ld 
great ly increase o u r unde r s t and ing of t h e 
k e y events t h a t o c c u r w i t h i n t h e tuba l 
env i ronmen t , and could lead t o new 
m e t h o d s to regulate h u m a n fert i l i ty. 
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