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Tissue-Engineered Endometrial Model
for the Study of Cell–Cell Interactions

Stacey C. Schutte, PhD1, Christopher O. James1,
Neil Sidell, PhD1, and Robert N. Taylor, MD, PhD2

Abstract
Endometrial stromal and epithelial cell cross talk is known to influence many of the dynamic changes that occur during the
menstrual cycle. We modified our previous model and embedded telomerase-immortalized human endometrial stromal cells and
Ishikawa adenocarcinoma epithelial cells in a collagen–Matrigel hydrogel to create a tissue-engineered model of the endometrium.
Comparisons of single and cocultured cells examined communication between endometrial stromal and epithelial cells, which
were cultured with 0 or 10 nmol/L 17b estradiol; conditioned medium was used to look at the production of paracrine factors.
Using this model, we were able to identify the changes in interleukin 6 (IL-6) and active matrix metalloproteinase 2, which appear
to be due to paracrine signaling and differences in transforming growth factor b1 (TGF-b1) that do not appear to be due to para-
crine signaling. Moreover, IL-6, TGF-b1, and DNA content were also affected by the presence of estradiol in many of the tissues.
These results indicate that paracrine and endocrine signaling are involved in human endometrial responses and support the use of
coculture models to further investigate cell–cell and cell–matrix interactions.
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Introduction

Endometrial stromal and epithelial cell interactions undergo

phasic changes across the reproductive cycle. Following estra-

diol and progesterone withdrawal at the onset of menstruation,

epithelial cells produce interleukin 1a (IL-1a) and stimulate

the secretion of matrix metalloproteinase 1 (MMP-1) by the

stromal cells.1,2 Similarly, stromal–epithelial cross talk influ-

ences endometrial decidualization, receptivity, and trophoblast

attachment.3-5 Communication between stromal and epithelial

cells also mediates steroid regulation of MMP-2, -7, and -9

expression6-8 and a myriad of other ovarian steroid effects.9-12

We hypothesized that stromal–epithelial communication might

play a key role in regulating cytokine levels and protease activity

during the proliferative phase, particularly during reepitheliali-

zation of the endometrium.

The most common strategy employed to test stromal–

epithelial cell communication is via the use of transwell

chamber systems that separate the cell types and allow for

paracrine signals to be exchanged.2,5,7,10,12 We wanted to

develop a more physiologically relevant model that would

allow for contact between cell types and extracellular matrix.

Engineered tissues have been shown to yield results that more

closely mimic the in vivo condition than traditional mono-

layer culture.13-18 Tissue engineering replicates in vivo rela-

tionships where cells interact with the extracellular matrix

and each other. In order to study the stromal–epithelial effects

that occur during the proliferative phase of the menstrual cycle,

we have modified a hormonally responsive, tissue-engineered

human stroma model that we described previously.19 We

refined the model by creating a more representative collagen–

Matrigel matrix and by the addition of an endometrial epithe-

lial cell line.

The menstrual cycle, including its regenerative proliferative

phase, is mostly unique to women and old world primates.20

The endometrial lining must be regenerated cyclically follow-

ing the localized inflammation and desquamation that occur

with each menses. The onset of menstruation is triggered by

a significant drop in estrogen and progesterone levels leading

to vasoconstriction, leukocyte chemotaxis, MMP activation,

and tissue degradation.21 At the cessation of menstruation,

leukocyte infiltration abates, protease activity decreases, and

the denuded epithelium and stroma reorganize and proliferate

to restore a new receptive mucosa.22,23 The proliferative phase is
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dominated by estradiol that has mitogenic effects on both stro-

mal and epithelial cells24,25; however, the role of estradiol is not

completely understood.

In order to study the proliferative phase, we chose to look at

the effects of coculture on secretion of the cytokines IL-6 and

transforming growth factor b1 (TGF-b1) and protease activity

of MMP-2 and -9. Interleukin 6 is an inflammatory cytokine

that plays a critical role in wound healing26-29 and is therefore

of interest during the regenerative proliferative phase. Estradiol

has been shown to downregulate IL-6 in many cell types,30-34

and it may mitigate the inflammation seen during the prolifera-

tive phase of the cycle. TGF-b1 is a pleiotropic cytokine that

has been shown to affect inflammation, cell proliferation,

angiogenesis, and extracellular matrix regulation.35-38 Matrix

metalloproteinases are the primary proteinases involved in tis-

sue breakdown during menstruation.21,39-41 We found that

MMP-2 activity was elevated following steroid withdrawal in

our engineered tissue, with little activity under secretory phase

mimetic conditions.19 These cytokines and proteases are regu-

lated throughout the menstrual cycle. During the proliferative

phase, changes in production or activation may be influenced

by cross talk between the stromal and epithelial cells that are

repopulating the endometrium.

Materials and Methods

Materials

Unless otherwise noted, the cell culture reagents were pur-

chased from Cellgro (Manassas, Virginia), chemicals were

purchased from Sigma Life Sciences (St Louis, Missouri), and

gel electrophoresis and zymography materials from BioRad

(Hercules, California). All enzyme-linked immunosorbent

assay (ELISA) kits were from R&D Systems (Minneapolis,

Minnesota). Bovine dermal collagen I was purchased from

MP Biomedicals LLC (Solon, Ohio) and Matrigel from BD

Biosciences (Bedford, Massachusetts).

Engineered Tissue Creation and Culture

Human telomerase-immortalized endometrial stromal cells42

were generously donated by Drs. Charles Lockwood and Gra-

ciela Krikun (Yale University, New Haven, Connecticut), and

Ishikawa endometrial adenocarcinoma cells were the kind gift

of Drs. Erlio Gurpide and Fred Schatz (New York University,

New York, New York). Frozen aliquots of these cells were

thawed and used in this study to provide replenishable and con-

sistent sources of endometrial stromal and epithelial cells,

respectively. A tissue-engineered endometrium was created

using a modified version of our previously published method.19

Collagen I hydrogels were made as described, yielding a final

collagen concentration of 2 mg/mL. In addition, Matrigel was

added to the mixture for a final concentration of 0.5 mg/mL.

Stromal and epithelial cells were seeded separately or together

into the hydrogel solution at concentrations of 2� 106 cells/mL

and 1 � 106 cells/mL, respectively. The hydrogel–cell solution

was placed into 12-well dish molds and incubated at 37�C for 1

hour. After the solutions gelled, the disk-shaped hydrogels

were transferred to 6-well dishes containing complete culture

medium consisting of Dulbecco modified eagle medium

(DMEM)–F12 50:50 supplemented with 4-(2-hydroxyethyl)-

1-piperazineethanesulfonic acid (HEPES) buffer, L-glutamine,

sodium pyruvate, nonessential amino acids, 1% penicillin–

streptomycin, and 10% fetal bovine serum. The hydrogels were

incubated in the culture medium for 2 days to allow for col-

lagen compaction by the stromal cells; epithelial cells do not

compact the gels.

Proliferative Phase Mimetic Tissue Culture Conditions

The contracted gels were washed with phosphate-buffered

saline (PBS) and incubated for 3 days in phenol red-free

DMEM–F12 50:50 with HEPES buffer, L-glutamine, sodium

pyruvate, nonessential amino acids, 50 mg/mL L-ascorbic acid

2-phosphate sesquimagnesium salt, 10% charcoal-stripped

fetal calf serum (Hyclone Laboratories, Inc, Logan, Utah),

1% penicillin–streptomycin, 1% sodium pyruvate, and either

0 or 10 nmol/L 17b-estradiol. One half of the medium was

changed on day 2. Conditioned media from the 10 nmol/L

estradiol cultures were spun down to remove cells and stored

at -80�C for use in conditioned medium experiments; estradiol

and ascorbic acid were supplemented to account for depletion.

Hormone-free controls were cultured in an identical manner

minus the addition of estradiol.

Sample Preparation

After 3 days of culture, the medium and hydrogels were pre-

pared and stored for future analysis. Conditioned medium ali-

quots were kept frozen at -80�C prior to use. Hydrogels were

either fixed in 4% paraformaldehyde for imaging or placed

in a modified RIPA lysis buffer43 containing 20 mmol/L

Tris-HCl, 5 mmol/L EGTA, 150 mmol/L NaCl, 20 mmol/L

glycerol-phosphate, 10 mmol/L NaF, 1 mmol/L sodium ortho-

vanadate, 1% Triton X-100, and 0.1% Tween 20 and freshly

added 0.1 mmol/L leupeptin. The hydrogels were homoge-

nized via sonication and centrifuged at 14 000g for 10 minutes

to remove insoluble material. The supernatant was removed

and stored at -80�C. The DNA content of the lysates was

determined by Hoechst dye assay with calf thymus DNA

serving as the standard curve.19 The protein contents of the

homogenates and medium were determined by the BCA

method (Thermo Fisher Scientific Inc, Rockford, Illinois).

Immunohistochemistry

After culture, some of the engineered tissue was rinsed in PBS and

fixed in 4% paraformaldehyde overnight at room temperature.

The tissue was paraffin embedded, and 7-mm sections were cut.

The sections were deparaffinized, and antigen retrieval was com-

pleted using a combination of proteinase K digestion and citric

acid treatment. The sections were incubated overnight at 4�C with
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the primary antibodies for cytokeratin (Sigma) and vimentin (Cell

Signaling Technology Inc, Danvers, Massachusetts). Rhodamine

and fluorescein isothiocyanate-conjugated secondary antibodies,

respectively, were used for visualization. 40,6-Diamidino-2-

phenylindole (DAPI) was used to stain the DNA. A Zeiss Axio-

plan wide field microscope (Carl Zeiss Microscopy, Thornwood

New York) was used for imaging.

Western Blotting

Sodium dodecyl sulfate polyacrylamide gel electrophoresis was

performed using 10% polyacrylamide gels; equal protein content

was loaded along with a molecular weight ladder. After electro-

phoresis, the proteins were transferred to a polyvinylidene fluoride

membrane and blocked with 5% bovine serum albumin (BSA) in

Tris-buffered saline (TBS) with 0.1% Tween-20. The membranes

were incubated overnight with primary antibodies suspended in

5% BSA with TBS and 0.1% Tween-20. Antibodies to vimentin

(Cell Signaling) at 1:1000 and cytokeratin (Sigma) at 1:400 dilu-

tions were used. After rinsing with TBS, the membranes were

incubated for 1 hour with horse radish peroxidase-labeled

secondary antibodies and visualized by chemiluminescent detec-

tion using Amersham ECL Prime Western Blotting Detection

Reagent (GE Healthcare, Pittsburgh, Pennsylvania).

Cytokine Quantitation

Interleukin 6 and TGF-b1 concentrations in the conditioned

medium were determined by ELISA. To account for any differ-

ences in cell number, we normalized the total cytokine content

(concentration � medium volume) to the total DNA content

(DNA concentration� lysate volume) of the engineered tissue.

Gelatin Zymography for MMP-2 and -9

Matrix metalloproteinase gelatin zymography was used to

compare MMP-2 and MMP-9 activities. Equal amounts of pro-

tein from each tissue supernatant were loaded in a 10% gelatin

zymogram polyacrylamide gel. After electrophoresis, the gels

were rinsed for 30 minutes at room temperature with commer-

cial renaturing buffer and then developing buffer. The gels

were incubated at 37�C overnight followed by staining with

colloidal blue (Invitrogen, Carlsbad, California).

Statistical Analysis

Data are presented as the mean + standard error of the mean. Sta-

tistical significance was determined via 1-way analysis of variance

with post hoc t tests using a 95% confidence interval. Bonferonni

corrections were performed for multiple comparisons.

Results

DNA Quantification for Normalization

To understand changes in cell number and to normalize com-

parisons between cell types and among cocultures, DNA

content of the homogenized tissue was measured by Hoechst

dye assay (n¼ 3). Similar DNA contents per cell were justified

based on the reports that the telomerase-immortalized stromal

cells have a normal female karyotype42 and that even after

>20 years in culture, a stable modal karyotype of the Ishikawa

adenocarcinoma cell line (44-60 chromosomes) was noted.44

The DNA content per mL was multiplied by the sample volume

to determine the total DNA content (Figure 1). This was an

important control as endometrial stromal cells contract the

engineered tissue, while the epithelial cells do not, resulting

in different hydrogel volumes. After culture, there were no dis-

cernible differences in DNA content among the different cell

combinations in the 0 nmol/L estradiol cultures. Estradiol of

10 nmol/L had a mitogenic effect on the epithelial tissues lead-

ing to significant increase in DNA content when compared to

the 0 nmol/L estradiol epithelial cell culture. The 10 nmol/L

estradiol-treated epithelial cells also had significantly higher

DNA content than the 10 nmol/L estradiol stromal only and

coculture tissues, which is expected, as these adenocarcinoma

cells proliferate more rapidly in monolayer culture than the

stromal cells. The final DNA content of the 10 nmol/L

estradiol-treated coculture tissues was similar to that of the

stromal-only tissues, suggesting a reduction in proliferation

of 1 or both of the cell types. To look at potential paracrine

effects in the presence of 10 nmol/L estradiol, conditioned

medium was used. Culturing the stromal-only tissues in condi-

tioned media from the epithelial cells had no effect on DNA

content; there were no significant differences in DNA content

compared to any of the other conditions. Culturing epithelial-

only tissues in stromal-conditioned medium did lead to a

decrease in DNA content similar to that of the coculture tissues,

suggesting that paracrine factors are involved.

Immunohistochemistry, Western Blotting, and
Cell Composition

After culture, the tissue was examined by immunohistochem-

istry and Western blotting to aid in understanding the final

composition of the tissue (n ¼ 3). Figure 2A shows an immu-

nostained cross-section through one of the engineered cocul-

tures exposed to 10 nmol/L estradiol. Both cell types were

found throughout the tissue, although epithelial cells were

found in much lower quantities within the tissue core. Epithe-

lial cells were found more often on the outer layer of the tis-

sue, but as they are not contact inhibited, they do not form a

simple monolayer. Although gland-like structures were not

observed over the course of the experiments, the peripheral

edge of the tissues was both more cellular (as noted by high

DAPI staining) and epithelial (as noted by high cytokeratin

staining). Western blotting, shown in Figure 2B, demonstrates

the characteristic microfilament proteins of the corresponding

cell types present in the single cell and cocultured tissues.

The effect of estradiol on the cell proliferation is evident by

the changes in ratios of vimentin and cytokeratin in the

cocultures.
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Cytokine and Growth Factor Secretion

The levels of IL-6 and TGF-b1 secreted into the conditioned

medium were determined by ELISA (Figure 3, n ¼ 3). In both

cultures with 0 and 10 nmol/L estradiol, stromal cells produced

significantly higher levels of IL-6 than the epithelial cells,

whereas coculture resulted in IL-6 levels similar to those of

epithelial-only tissues (Figure 3A). The TGF-b1 was produced

by both the stromal and the epithelial cells (Figure 3B); in the

presence of 10 nmol/L estradiol, coculture resulted in a syner-

gistic increase in TGF-b1 production.

In order to determine whether paracrine factors were

involved, stromal-only tissue was incubated with epithelial cell

conditioned medium (Figure 4, n¼ 3). Stromal tissues cultured

with epithelial conditioned medium produced significantly less

IL-6. Since it was not clear which of the cell types was respon-

sible for the increase in TGF-b1, we looked at the effects of

both epithelial and stromal conditioned medium. Conditioned

medium from the converse cell type did not result in a signifi-

cant increase in TGF-b1 levels in either cell type.

MMP-2 and -9 Activities

In order to determine differences in the amount and activity of

MMP-2 and MMP-9 within the tissue homogenates, traditional

gelatin zymography was used (Figure 5, n ¼ 3). Similar trends

were seen in the conditioned medium (data not shown). Levels

of proMMP-2 were consistent among the different tissue config-

urations. Mature MMP-2 was found almost exclusively in the

stromal tissues. In the cultures both with and without 10 nmol/L

estradiol, coculture of the stromal and epithelial cells significantly

decreased mature MMP-2 activity (Figure 5A). To determine

whether the decrease in activity was primarily due to paracrine

signaling and not due to dilution of the stromal cells, the stro-

mal tissue was incubated with epithelial cell conditioned

medium. Exposure to the epithelial cell conditioned medium

also resulted in a decrease in active MMP-2 (Figure 5B),

similar to that found during coculture. The activity of MMP-9

was low and was not detectable in all samples. When MMP-9

activity was seen, it was found exclusively in the epithelial-only

tissues (data not shown).

Discussion

The main goal of this work was to develop a more complex

model for studying communication between endometrial

Figure 1. Effects of estradiol on DNA content of engineered tissues. DNA levels were measured using the Hoechst dye assay in cells that were
cultured with 0 nmol/L estradiol (black bars) or 10nmol/L estradiol (gray bars, n ¼ 3). A, In the absence of estradiol, there were no significant
differences in DNA content between the stromal only (S), epithelial only (E), or cocultured (SE) tissue. In contrast, estradiol had a mitogenic
effect on the epithelial cells leading to higher DNA content compared with these cells under 0 nmol/L estradiol conditions as well as compared
with estradiol-treated S and SE tissues. B, Conditioned medium was used to look at potential paracrine factors in the estradiol-treated cultures.
The addition of epithelial cell conditioned medium to the stromal tissues (S-Ecm) had no significant effect on DNA levels compared to any other
conditions. The addition of stromal conditioned medium to the epithelial tissues (E-Scm) resulted in a decrease in DNA content, similar to that
of the SE cocultures. * denotes P < .05 compared to epithelial cells cultured with 10 nmol/L estradiol.

Figure 2. Immunohistochemistry and Western blotting were used to
characterize the cellular composition of the cocultured tissues. A, A
representative image of a tissue containing both cell types is shown.
The scale bar indicates 50 mm. The epithelial cells are depicted in red
(cytokeratin), and stromal cells are depicted in green (vimentin). The
nuclei are stained blue with DAPI. The cells have proliferated on the
outer edge of the tissue (^) leading to a cell dense and highly epithelial
region. Within the tissue core (*), the cells are more diffuse, and there
is a higher stromal to epithelial cell ratio. B, Western blotting for
vimentin and cytokeratin in individual and cocultured (SE) cells allows
estimation of the relative contributions of stromal (S) and epithelial (E)
components, respectively.
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stromal and epithelial cells. We chose to focus on the prolif-

erative phase, a time of dynamic change in the endometrium

when reepithelialization occurs. Our tissue-engineered model

allowed the identification of several relevant effects on differ-

ential cytokine secretion and protease activity. With respect to

stromal function in these 3-dimensional tissues, coculture

with epithelial cells resulted in increased secretion of TGF-b1

but decreased IL-6 secretion and MMP-2 activity. These

effects were anticipated based on in vivo findings during the

proliferative phase, when there is a reduction in inflammation

and tissue destruction by proteases. Using conditioned

medium, we were able to determine that paracrine factors

mediated most of these changes. We also identified changes

in cell number that were not influenced by conditioned

medium but are likely due to direct cell–cell communication.

A limitation of our study is the use of immortalized rather than

primary endometrial cells. By eliminating interpatient cell

variability and passage limitations of primary cells, these cell

Figure 3. Effects of single cell types and coculture on cytokine and growth factor secretion in engineered tissue. Levels of IL-6 (A) and TGF-b1
(B) were measured in the conditioned medium (n ¼ 3). Stromal tissues (S) produce significantly more IL-6 than epithelial tissues, with signifi-
cantly more IL-6 production with 0 nmol/L estradiol than 10 nmol/L. Coculture (SE) significantly reduced the amount of IL-6 both with 0 and 10
nmol/L estradiol and increased the amount of TGF-b1 secreted in the presence of 10 nmol/L estradiol. # denotes P < .05 compared to all other
conditions. IL-6 indicates interleukin 6; TGF-b1, transforming growth factor b1.

Figure 4. Effects of conditioned medium on cytokine and growth factor secretion in engineered tissue. Conditioned medium was used to
explore paracrine factors in the proliferative phase mimetic cultures. Exposure of stromal tissue to epithelial cell conditioned medium (S-Ecm)
caused a significant reduction in interleukin 6 (IL-6) and an increase in TGF-b1 relative to stromal tissue alone (S). Epithelial tissue exposed to
stromal conditioned medium (E-Scm) did not result in significantly increased TGF-b1 relative to epithelial tissue (E). # denotes P < .05 compared
to all other conditions. TGF-b1 indicates transforming growth factor b1.

Figure 5. Representative gelatin zymograms are shown (n ¼ 3). A,
The effects of 0 or 10 nmol/L estradiol on MMP-2 and MMP-9 in indi-
vidually or cocultured cells were studied. There were no noticeable
differences in band intensity of proMMP-2 among the cultures. Stro-
mal tissue (S) contained active MMP-2, while epithelial cells (E) pro-
duced little to no detectable active MMP-2. Reduced amounts of
active MMP-2 were found in coculture (SE) relative to stromal tissue
(S). B, To understand whether the reduction in activity was due to
paracrine effects, stromal tissues were cultured with epithelial cell
conditioned medium (S-Ecm). Epithelial cell conditioned medium also
caused a reduction in active MMP-2 in stromal cultures. MMP indicates
matrix metalloproteinase.
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lines allowed reliable availability of cells and consistency of

responses. However, they may not completely recapitulate the

interactions of normal cells. Ishikawa cells have reduced con-

tact inhibition and a higher mitotic rate than the immortalized

stromal cells, hence the cell ratios in coculture tissues change

over time. Our treatment protocol was optimized to minimize

this temporal confounder. Moreover, the selection of Ishi-

kawa cells over other endometrial lines is justified based on

their well-differentiated phenotype, steroid responsiveness,

and a stable chromosomal complement.44 Moreover, this line

has been validated as endometrial epithelium derived, in con-

trast to others that were recently found to be contaminants

from other sources.45 The telomerase immortalized stromal

cells42 are a well-characterized nonmalignant cell line that has

been used to study decidualization and other progesterone-

dependent events.19,46-48 There is some concern regarding the

estrogen sensitivity of the cell line, as a previously reported

study showed no significant differences between steroid-

free and estradiol-treated cultures.49 Nevertheless, these cells

have been shown to possess both estrogen receptors a and b,47

and our studies show differences in cytokine secretion and

MMP activity induced by the presence of estradiol (10 nmol/L).

We believe that the differences we see are influenced by the

3-dimensional culture, as we have previously shown that this

model results in more physiologic results than 2-dimensional

monolayer culture.19

Endocrine effects were seen in both single cell cultures and

in the communication between cells in the cocultures. Estra-

diol had a mitogenic effect on the epithelial cells, as expected,

but there was no significant change in the DNA content of the

stromal tissues. This is likely due to the fact that more stromal

cells can be found within the collagen–Matrigel matrix than

epithelial cells, and collagen I is known to inhibit prolifera-

tion.50 Estradiol also resulted in a reduction in IL-6 in the stro-

mal cultures, and a change in the coculture effects in TGF-b1

secretion. Different concentrations of estradiol would likely

have different effects on these cytokines.

In terms of coculture effects on cytokine levels, the results

are consistent with our hypothesis that cross talk occurring

during endometrial reepithelialization reduces the inflamma-

tory and proteolytic environment in the proliferative phase.

Although TGF-b1 is a pleiotropic cytokine, it is often found

to have anti-inflammatory effects that correlate with the

decrease in IL-6. The IL-6 data for the individually cultured

cells is also consistent with previously published work, where

we showed that primary endometrial stromal cells produced

significantly more IL-6 than primary endometrial epithelial

cells51; however, our IL-6 results contrast with data published

by Chen et al52 using primary endometrial stromal and epithe-

lial cells cultured in a 2-chamber system to look at paracrine

signaling. They showed that primary epithelial cells produced

more IL-6 than primary stromal cells and that coculture

resulted in a reduction in epithelial cell secretion of IL-6. It

is possible that differences between our 2 studies reflect our

choice of cells, the presence of collagen and Matrigel in our

study, or possibly due to factors present in the different types

and concentrations of sera in the media. The study by Chen

et al used 1% FBS, whereas we used 10% charcoal-stripped

serum.

Our study was designed to gain insights into the physiolo-

gic changes that occur in endometrial regeneration during the

proliferative phase; however, the results have implications for

the pathological condition of endometriosis. Coculture of

epithelial with stromal cells resulted in alterations in the pro-

duction of cytokine toward a less inflammatory environment

and reduced protease activity. The data support the principle

that endometriotic lesions composed predominantly of stro-

mal cells would promote a more inflammatory and invasive

phenotype than those containing more epithelial cells. The

study of Mai et al53 provides in vivo evidence that an elevated

stromal–epithelial cell ratio may play a role in the pathophy-

siology of endometriosis.

Our results correlate well with what is already known

about the physiology of the menstrual cycle and with previous

in vitro data, but we must remain reserved in the interpretation

of experiments using an adenocarcinoma cell line. We postu-

late that normal endometrial epithelial cells also secrete anti-

inflammatory and antiproteolytic factors, but a limitation of

our model is the possible magnitude of effect using adenocar-

cinoma cells that are highly proliferative and lack contact

inhibition. Nevertheless, we have been able to show that this

model manifests endocrine and paracrine signaling and offers

a new understanding of the cross talk between these cells.

Further insights into the effects of and mechanisms behind

stromal–epithelial cell communication on cytokine produc-

tion and protease activity should be afforded by models using

primary endometrial cells.
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