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Abstract: In the present study isolated uterine epithelial cells from normal
rabbits were maintained in culture on free floating rat-t~il collagen matrix,
and the morphological characteristics of these cells were examined.
Additionally, the pattern of protein synthesis and secretion by rabbit
uterine epithelial cells grown on free floating collagen gels following
estradiol and/or progesterone treatment in vitro was examined. Isolated
epithelial cells cultured on collagen gels in complete medium containing
serum attached to form monlayers, and eventually the gels became free
floating and contracted giving rise to luminal arrangements. These cells
were cytokeratin positive ep ith el ial cells and were ultrastructurally
polarized, These cells also exhibited differential upregulation and down
regulation in the synthesis and secretion of proteins in response to
estradiol, progesterone, and estradiol plus progesterone. Additionally, a
permissive action between progesterone and estradiol in the synthesis of
two species of secretory proteins was observed. It however remains to be
examined whether different species of proteins produced in vitro in
response to estradiol and progesterone bear any association with
physiological states in reproductive cycle in this species.
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INTRODUCTION specialized functions regulated by the direct
action of hormones on epithelial cells from
those which are controlled indirectly by the
action of hormones and regulatory agents
on other uterine cell types or delivered via
the uterine vasculature, the uterine
epithelial cells must be studied as an

The physiological regulation of
morphological and runctional characteristics
of uterine epithelial cells in different
phases of mammalian reproductive cycle is
not adequately known. To distinguish
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isola te d population of cells. The use of
primary endometrial cell culture as a tool
for study of uterine functions began at the
beginning of the last century and it provided
significant knowledge about growth and
hormonal responsiveness of different cell
populations in the uterus. However, in these
studies a two-dimensional cell culture
system was mainly employed. Paradoxically,
in such a system epi thel ial cells generally
do not exhibit physiological differentiation,
in terms of morphology and function (1, 2).
The continued expression of specialized
uterine epithelial functions requires
experimental conditions that maintain their
polar organization (3). Collagen substrates
have been known to enhance the growth as
well as differentiation of many cell types in
culture as compared to two-dimensional
substrates like glass and plastic (3). .It is
now well recognized that epithelial cells
generally achieve differentiated morphology
and function when they are grown on an
extracellular matrix (4-6). In the present
study isolated uterine epithelial cells from
normal rabbits were maintained in culture
on free floating rat-tail collagen matrix, and
the morphological characteristics of these
cells were examined. However, it is possible
that endometrial cells fail to express
differentiated functions of protein synthesis,
despite an apparent presentation of
differentiated and polarized cellular
morphology (7). To this end, we have also
examined the pattern of protein synthesis
and secretion by rabbit uterine epithelial
cells grown on free floating collagen
following estradiol and/or progesterone
treatment in vitro.
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METHODS

Animals and supplies

Mature female virgin white New Zealand
rabbits weighing 2.5-3.0 kg kept in
individual cages and isolated from males
were used in this study. The animals were
obtained from the Experimental Animal
Facility of the All India Institute of Medical
Sciences, New Delhi. This study was
approved by the Ethics Committee of the
Institute.

Hank's balanced salt solution (HBSS)
with/without calcium and magnesium,
DME-Ham's F12 (1: 1) mixture, trypsin,
bovine serum albumin (BSA), and fetal
bovine serum (F BS) were purchased
from GIBCO (Grand Island, NY).
Methionine-free minimum essential medium
(MEM), chemicals for electrophoresis and
cell culture and steroid hormones and
antibiotics were purchased from
Sigma Chemical Co. (St. Louis, M9).
Metabolic labeling grade 35S-methionine
was purchased from Bhabha Atomic
Research Centre (BARC), Mumbai.
Chemicals for microscopy were purchased
from Electron Microscopy Sciences,
Pennsylvania. Chemicals for
immunocytochemical staining and
radiolabelled molecular weight markers
for autoradiography were purchased from
Amersham (Arlington, IL). Multiwell tissue
culture plates were obtained from Nunc Inc.
(Denmark).
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Isolation of uterine epithelial cells

All steps were carried out under aseptic
conditions. Animals (n = 6) were sacrificed
under ketamine anesthesia by air embolism
in the marginal ear vein (8). Uterine horns
were collected and cleaned in HBSS
containing gentamicin (10 ug/ml) on ice and
were slit open and incubated in 0.25%
trypsin in HBSS without Ca ':' and Mg':'
(HBSS-mod) at room temperature for 15 min
and then at 3rC for 30 min. The detached
epithelial cells were collected in HBSS-mod
on ice by vortexing 3 or 4 times. The pocled
supernatant was centrifuged for 10 min at
300x g. The cell pellet was washed in HBSS-
mod twice. The final cell pellet was
resuspended in a small volume HBSS
and it was allowed to sediment at unit
gravity through HBSS containing 0.3%
BSA for 10 min at 37°C. This step was
repeated 3-4 times for obtaining epithelial
cell enriched fraction. Finally, cell pellet
was resuspended in complete medium,
and cellular yield and viability were
assessed by trypan blue dye exclusion
method.

Preparation of r at-t ai l collagen and collagen gel
matrix

Type I collagen was extracted from
tendon bundles of frozen rat-tails according
to the method described by Souren et al.
(9). The final supernatant containing acid
soluble collagen was collected aseptically
and used as the stock. Collagen gel matrix
was prepared according to method described
elsewhere (10). Briefly, a neutralized
collagen gel mixture was prepared by mixing
stock collagen with lOX DME-Ham's F12
medium and 0.34 N NaOH, and was kept
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on ice to prevent gelation. Gelation
was allowed to occur in an incubator at
37°C and a gas phase of 5% carbon
dioxide in air. The mean final collagen
concentration in a matrix gel was
2.9 ± 0.1 mg/ml. Each gel matrix was
thoroughly washed and equilibrated in
complete medium at 37°C in a gas phase of
5% carbon dioxide in air before these were
used for cell plating.

Primary culture

Isolated cells were plated at a density
of 1 x 105icm 2 on soft collagen gel in
multiwell tissue culture plates. Cultures
were incubated at 37°C in a humidified
atmosphere of 95% air and 5% CO2•

Unattached cells were removed after
24 h and fresh medium was added.
Complete medium consisted of DME-
Ham's F12, 5% FBS, pencillin (100 IU/ml)
and streptomycin (100 u g/rn l ). The
medium was changed every 24 h until
the cultured cells were used for
experiments.

Effect of estradiol and progesterone

5-7 days after plating when cells were
nearly confluent, cultures were kept in
serum-free medium for 48 h with a change
at 24 h interval. Cultures were then
maintained in methionine-free MEM
medium containing 100 pCi/ml 35S_
methionine (1000 Ci/mmol). Cultures were
ketp in labeling medium under control
condition (group 1), and in the presence of
10-9 M 17p-estradiol (group 2), and in the
presence of 10-9 M progesterone (group 3),
and in the presence of both 10-9 M 17P-
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estradiol and 10-9 M progesterone (group 4).
Supernatants from cell cultures for
each group were collected after 24 hand
48 h intervals. Culture supernatants and
gels with cultured cells after thorough
washing in phosphate buffered saline (PBS,
pH 7.2) were stored at -70°C for further
processing ..

Electrophoresis and autoradiogram

Culture supernatants as well as cells
attached to gels after homogenization in
PBS were precipitated with cold ethanol.
The precipitates were washed thrice with
10% tricholoroacetic acid followed by three
washes with 70% ethanol. The precipitates
were air dried and dissolved in sample
buffer [Tris-HCI, 0.5 M, pH 6.8: 12.5%
(v/v); Glycerol, 10% (v/v); SDS (10% w/v),
20% (v/v); 2~-mercaptoethanol, 5% (v/v),
bromophenol blue (0.05%, w/v), 2.5% (v/v)].
Aliquots of redissolved secreted or cellular
proteins were added to liquid scintillation
fluid in scintillation vials and vortexed
thoroughly. The vials were kept' at 4°C
overnight for stabilization, and radioactivity
was measured using a liquid ~-scintillation
counter (RackBeta, LKB). Aliquots
containing equal counts were mixed in
sample buffer, heated at 95°C for 5 min and
separated by SDS-PAGE with 4% stacking
and 10% separating gel (11). On completion
of run, gels were fixed, treated with Amplify
and exposed to presensitized Hyperfilm MP
(Amersham Life Sciences, u.K.) at -70°C for
8 h. The exposed film was developed, fixed
and the radio-opaque bands were analyzed
by scanning on a densitometer supported
by Molecular Analyst software (BioRad,
Hercules, CA).
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DNA estimation

The collagen gels. containing uterine
epithelial cells at corresponding time
intervals were extracted in PBS, and
subjected to trichloracetic acid (TCA) and
ethanol wash followed by perchloric acid
(PCA) extraction. PCA extracted material
was used for DNA estimation by Burton's
method (12).

Imm uno cytochemistry

Immunocytochemical staining for simple
epithelial marker cytokeratin was performed
with cells cultured on collagen-coated cell
culture grade cover slips, which were fixed
in neutral buffered formaldehyde. The
methodological details have been given
elsewhere (13).

Microscopic examination

Cultures were fixed using 2.5% (w/v)
glutaraldehyde in sodium cacodylate buffer,
followed by routine processing for thick
section light microscopy, thin section
transmission electron microscopy and
scanning electron microscopy as described
previously (l4).

Statistical analysis

Data of incorporated 35S-methionine in
cell lysates and spent media for different
treatment groups were statistically analysed
using Kruskal-Wallis test for non-parametric
one-way analysis of variance and Mann-
Whitney U test (15).
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RESULTS

Viability, growth and maintenance of cells

Rabbit uterine epithelial cells
isolated using 0.25% trypsin and enriched
using HBSS containing 0.3% BSA
consistently resulted in good cell yield
with -90% viability. Isolated epithelial cells
cultured on collagen gel in complete
medium containing serum attached
within 24 h at an initial density of -1.5 x 105

cells per well. The gels became free
floating by 48 h of culture. They proliferated
to a cell density of -2.5 x 105 cells per
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well on day 5. As shown in Figure
lA, immunocytochemical staining for
cytokeratins revealed that a high
percentage (>95%) of cells isolated and
grown on collagen was cytokeratin positive
epithelial cells.

Morphological characteristics

Various morphological characteristics
of rabbit uterine epithelial cells grown
on floating collagen gel are shown in
Figures 1 to 3. The epithelial cells in
three-dimensional culture were found
to form monolayer and clusters of cells

Fig. 1: Light microscopic characteristics of isolated rabbit endometrial epithelial cells grown on rat-tail collagen
matrix. These cells are cytokeratin positive as detected in immunocytochemical staining (A), and they
become attached to the matrix giving rise to monolayer (B). This is followed by contraction and release
of collagen gels when cells become more columnar, and it gives rise to a lumen-like structure (C). Bars = 20
11m (A), 40 11m (B, C).
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Fig. 2: Scanning electron microscopy of rabbit endometrial
epithelial cells grown on rat-tail collagen matrix.
During 3 days after plating, cells spread on the
collagen (A).At portions, uncovered collagen matrix
("*) is seen. Five dnys after plating, cells stop
spreading and start showing near confluency state
(E). Bar = 10 urn.
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(Fig. IB, C). The collagen gels were
found to contract resulting in lumen-
like structures with clusters of cells
lining the gels (Fig. IC). Scanning
electron microscopic examination revealed
that the plated cells spreaded over
the substratum (Fig. 2A), and then
these cells eventually form mounds
through close apposition and interaction
among cells (Fig. 2B), and also microvilli
on the cell surface became evident
(Fig. 2B). Transmission electron microscopy
revealed that apical borders of cells
facing the medium were covered with
villi and cilia, while the lateral borders
had interdigitating plicated processes
and apical junctional complexes (Fig. 3).
These cells also contained lipid
droplets, abundant polysomes, typical
mitochondria and rough endoplasmic
reticulum (Fig. 3A). There was a close
association of the basal border of the
cells with the collagen fibrils underneath,
and the basal domain became flattened
and void of villi and cilia like structures
(Fig. 3B).

Protein synthesis and secretion

Table I shows the incorporation of
radioactive methionine in cells and spent
media after different treatments. There was
a steady increase in precipitable radioactive
methionine incorporation in cells grown
with time. Highest incorporation was seen
in estradiol plus progesterone treatment
group (group 4). The secretory activity was
found to increase with time in progesterone
treated group (group 3) and estrogen plus
progesterone treated group (group 4),
however, with a characteristic differences
in the time sequence of their responses; in
group 3 significant increase was observed
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Fig. 3: Transmission electron microscopy of post-confluent rabbit endometrial epithelial cells cultured for 9 cells
on free-floating three-dimensional rat-tail collagen matrix. In the apical side, the cells show villi and cilia,
numerous mitochondria, endoplasmic reticulum and Golgi complex (A), and in the basal side the cell
surface is flattened with organized matrix underneath (B). Intercellular membrane plication (arrow) and
desmosomal junctional complexes (arrow heads) are seen. Bar = 111m.

TABLE I: Incorporation of 35S-methionine in cells and spent media.

Duration or
treatment

Treatment groups
Mean ± SEM (10"; DPM per mg DNA)

1 2 3 4

Cells Media Cells Media Cells Media Cells Media

24h 2.8±0.03 1.7±0.03 4.7±0.02" 2.4±0.02 3.9±0.03" 1.7±0.03 6.8±0.03d 4.6±0.05"

48h 3.2±0.05 0.9±0.02 6.9±0.04c 3.6±0.04" 9.1±0.04<1 7.6±0.03<1·r 9.2±0.04<1 2.4±0.03c,g

Significance 0.05 0.05 0.01 0.05 0.001 0.001 0.01 0.01
(P<)

"P<O.Ol compared with group 1 and group 4. "P<O.Ol compared with all other groups. cP<O.Ol, and dP<O.OOl
compared with group 1. ·P<O.Ol compared with group 1. 'P<O.Ol compared with group 2 and group 4. gP<0.05
compared with group 2. n = 6 in triplicate for each group.
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after 48 h of exposure compared with
radioactive methionine incorporation
observed after 24 h in the same group, as
well as, with those observed after 24 hand
48 h in all other groups (Table I). In
group 4 however an increase was observed
after 24 h and then it declined (Table I).
It is notable that incorporation of
3°S-methionine in group 1 was lower

after 48 h as compared to that after 24 h
(Table I).

SDS-PAGE analysis of cellular and secretory proteins

Tables II and III show the molecular
weight ranges of labelled proteins in cells
and in spent media, at 24 hand 48 h after
different treatments.

TABLE II: Analysis of de novo protein synthesis from cellular lysates.

M r Group 1 Group 2 Group 3 Group 4

(kDaJ 24 h 48h 24 h 48 h 24 h 48 h 24 h 48 h

165 + + +
145 + + + + + + +
140 + + + +
135 + + + +
130 + + + +
115 + + +
100 + + +
90 + + + + + + + +
80 + + + + + +
75 + + + + + +
65 + + + + + + +
60 + + + + + + + +
50 + + + + + + + +
45 + + + + + + + +
35 + + +
30 + + + +
25 + + + + + + + +
20 + + + + + + + +

TABLE III: Analysis of proteins secreted by endometrial epithelial cells in primary culture.

M r Group 1 Group 2 Group 3 Group 4

(kDaJ 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h

150 + + + + + + + +
130 + + + + + + + +
110 +
100 + + + + + + + +
85 + + +
70 + + +
65 + + + + + +
60 + + + + + + + +
50 + + +
30 + + + + + + + +
20 + + +
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In SDS-PAGE analysis of cellular
proteins, bands in the ranges of molecular
weight 130 and 75 kDa were seen to
be upregulated in presence of estradiol
as in groups 2 and 3. Of these two
bands, the band in the range of 75 kDa
was also upregulated by progesterone. On
the other hand, protein bands in the
ranges of 135, 35, and 30 kDa were
specifically upregulated by progesterone
as in groups 3 and 4. Two protein bands
in the ranges of 165 and 140 kDa were
down regulated by progesterone, while
estradiol was seen to down regulate a
protein band in the molecular weight range
of 80 kDa.

The protein band observed in spent
media at 24 hand 48 h after the treatment
with steroid hormones separately (groups 2
and 3) and in combination (group 4), which
was not seen in control group (group 1) was
in the molecular weight range of 65 kDa,
while the protein band observed in spend
media only at 48 h after the treatment with
steroid hormones separately (groups 2 and
3) and in combination (group 4), which was
not seen in control group (group 1), was in
the molecular weight range of 85 kDa. Two
protein bands in the ranges of 50 and
20 kDa were seen in group 3 (progesterone)
at 48 h, and in group 4 (estradiol and
progesterone) at both 24 and 48 h.

DISCUSSION

Culture of endometrial epithelial cells
in serum free medium containing defined
supplements and preserving an apparently
normal morphology has been successfully
reported in mouse and in human (14,
16-18). In the present study rabbit
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uterine epithelial cells were found to
display morphological differentiation and
polarization in primary culture on floating
three-dimensional rat-tail collagen gels.
Scanning and transmission electron
microscopy of cells grown on collagen gels
revealed that these cells had villi, secretory
droplets and cilia, and other features of
morphological polarization. The close
morphological association between cells was
also observed.

Manners (7) has demonstrated that
endometrial cells may fail to express
differentiated functions of protein synthesis,
despite an apparent presentation of
differentiated cellular morphology. Thus, in
the present study the differentiated function
of protein synthesis and secretion was also
studied. It was observed that the protein
synthesis by rabbit uterine epithelial cells
grown on free floating collagen gel was
quantitatively affected in the presence of
ovarian steroid hormones. Autoradiographic
analysis revealed that morphologically
differentiated rabbit uterine epithelial
cells exhibited differential upregulation and
down regulation in the synthesis and
secretion of proteins in response to
estradiol, progesterone, and estradiol plus
progesterone. Additionally, we also observed
a permissive action between progesterone
and estradiol in the synthesis of secretory
proteins in the molecular weight ranges of
50 and 20 kDa, which were seen only after
48 h of progesterone treatment; while these
bands are discernible by 24 h when
progesterone was supplemented with
estradiol; estradiol alone could not
induce these proteins. Interestingly, the
protein secretory activity decreased in
control treatment at 48 h compared with
24 h, suggesting that the protein secretion
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by polarized endometrial epithelial cells is
primarily regulated by hormones and other
mediators, and is not a constitutive property
of these cells.

Previously, Mani et al. (19) reported that
in immature rabbit uterine epithelial cells
cultured on matrigel (basement membrane
extract) coated inserts progesterone
treatment induced secretion of uteroglobin.
The observed differentiation in protein
synthesis by rabbit uterine epithelial cells
grown on biomatrices appear interesting in
view of the fact that progesterone (10-5 M)
and estradiol (10-7 M) did not significantly
alter the initial uteroglobin secretion rate
of rabbit uterine epithelial cells cultured on
plastic. Other studies with rabbit
endometrial cells in two-dimensional
primary culture have also revealed that
their differential synthesis and secretion of
proteins correlate with the growth status,
rather than their differential responses to
hormones (19-23). Carson et al (24)
observed in immature rat uterine epithelial
cultures on basal membrane extract that
estrogen had a profound effect on the
synthesis of glycoproteins. Furthermore, it
has been shown that cultured mouse
mammary cells respond in a differentiated
manner to estradiol or prolactin only if they
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are cultured in the presence of fibroblasts
(25, 26). Thus, it appears from the
present study and other reports that
presence of fibroblasts and/or extracellular
matrix macromolecules render physiological
environment to epithelial cells, which
in turn help these cells to exhibit
differential responses to hormones and
physiological agents. Although it was
observed in the present study that
rabbit endometrial epitehlial cells grown on
free floating collagen gels exhibited
morphological polarity and differential
responses to estradiol and progesterone in
terms of synthesis and secretion of
polypeptides, it remains to be examined
whether different species of proteins
produced in vitro in response to estradiol
and progesterone bear any association with
physiological states in reproductive cycle in
this species.
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