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In vitro cell culture have been developed to study
the physiology, biology and pharmacology of severd
organs such as breast, kidney, liver, prostate, bone
and thyroid, either norma or malignant. Endometrial
tissue represents aso an interesting model to
understand the role of intrinsc and extrinsic factors,
ie, hormones and growth factors, involved in it's
norma and pathologic development and it's cyclic
growth’. Endometrium is one of the most rapidly
renewing tissues of the body, and the proliferation of
endometrial cell is believed to be dependent mainly
on estrogen. The endometrium is composed of epithdid
and stromd cdlls, containing fibroblast, myofibroblast
and infiltrating hematopoietic cdls. Especially, stroma
can promote epithelid development or differentiation
in the female reproductive tract ™.

While, human diploid cdlls have a limited life span,
ending in replicative senescence, in contrast to cell
lines derived from tumors, which show an indefinite
life span and are immortal®®, suggesting that repli-
cative senescence is a tumor suppression mecha-
nism. In this study, we successfully immortalized nor-
ma human endometria stromd cells using SV40 large
T antigen. Therefore, this cdl line may give rise the
useful toal for understanding and exploring endometrid
biology and disease including cancer and endometriosis.

MATRIALS AND METHODS
1. Tissue specimens

Human endometrial tissue was obtained from
normal cycling patients who had undergone hystere-
ctomy. Tissue samples (2-3g) were obtained from the
proliferative (days 5-14) and secretory phase (days
15-26) from women who received no hormond
thergpy within the prior 30 days. Endometrid tissue
was transported to the laboratory in isolation media
consisting of M199/F12 culture media (Gibco Life
Technologies, Gaithersburg, MD, USA) containing
10% fetd bovine serum (Gibco Life Technologies,
Gaithersburg, MD, USA) plus antibiotic and antimy-

cotic agents to yield final concentrations of 200 units
penicillin, 0.2 mg/ml streptomycin and 0.5 1 ml am-
photericin-B (antibiotic/antimycotic solution, Sigma,
S Louis, MO, USA).

2. lIsolation of endometrial epithelial and
stromal cells

Endometrial tissue was rinsed in HBSS to remove
blood and debris. Separation of glandular and stromal
components was based on a modification of the work
of Satyaswaroop and colleagues’ and Julia and collea-
gues’. After gentle centrifugation (600 g) the superna-
tant was removed, and the tissue was placed on a
100-mm plastic tissue culture dish (Corning-Costar,
Cambridge, MA, USA). The entire procedure was
performed under a sterile laminar flow hood. The
tissue was minced with sterile scapels into 1-2mm
fragments and digested with collagenase (2 mg/ml;
Sigma, & Louis, MO, USA) in M199/F12 (as above)
for 25 ha 37 on a shaking incubator. The tissue
digest was vigorously pipetted and added to a stacked
sterile wire sieve assembly with number 100 wire
cloth seve (140 1 size; Newark Wire Co., Newark,
NJ, USA), followed by a number 400 wire cloth sieve
(37 1 ). After the endometria digest was added to
the top of the sieve assembly, the epitheia glands
were retained in the number 100 and 400 sieves while
the stroma cells passed through to the receptacle
below. The glands were back-flushed out of the sieves
onto a 100 mm sterile dish using the same medium.
Any stromd cels remaining with the glands were
further separated by sdlective adherence to platic
tissue culture dishes for 1h. Stromd cdlls were collected
from the lower receptacle, pelleted by centrifugation
and resuspended in isolation medium. Red blood cdlls
were removed by careful washing after stromd cells
atached to 100 mm sterile dish.

3. Cell culture medium

Stromal cells were maintained in medium consi-
sting of a 1.1 mixture of M199:Ham's F12 media
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(Gibco Life Technologies) supplemented with 10%
FBS(Gibco Life Technologies), ITSHcontaining insulin
(0.62 p ml), transferrin (0.62 pg/ul), and sdenium
(0.62 ng/ml), bovine serum abumin (125 pg/ul) and
linoleic acid (526 u ml) (Sgma, & Louis, MO,
USA)] plus 100 units penicillin, 0.1 mg/ml strepto-
mycin and 0.25 u ml amphotericin B (antibiotic/
antimycotic solution, Sigma) according to the method
of Julia T et a° Culture medium was routinely
changed every 2-3 days. The epithdid gland cdls
required little or no serum and were cultured in media
consisting of M199 and F12 (1:1) with added bovine
pituitary extract (BPE; 2mli/l) (Collaborative Biomedi-
cd Products, Bedford, MA, USA), ITSt+ (concentrations
as above), and antibiotic and antimycotic agents as
described above.

4. Immunocytochemistry

To confirm the purification of the stromd cells and
the expression of transfected SV40 large T antigen,
immunocytochemical analysis was performed using
cytokeratin 8/18 (Santa Cruz Biotechnology, CA,

USA) as a marker of epithelid cells, vimentin (Che-
micon, Temecula, CA, USA.) as a marker of stroma
cdls, and monoclond antibody againgt SV40 large T
antigen (Santa Cruz Biotechnology, CA, USA). For
immunocytochemistry, cultures were rinsed with PBS
and fixed with 3.7% formadehyde in PBS for 10 min
a room temperature. They were then treated with ice
cold 100% methanol for 10 min, then 100% acetone
for 5 min, then 0.4% Triton X-100 in PBS for 10
min, with triple PBS rinses each between trestments.
Samples were treated with 2% horse serum and 2%
goat serum in PBS containing 4% BSA (PBS/BSA)
for 100 min a 37 to block non-specific binding of
primary antibodies. Antibodies were diluted in PBY
BSA plus 2% horse and 2% goat sera at 1:100 for
cytokeratin, 1:100 for vimentin, and 1:100 for anti-
body against SV40 large T antigen. The primary
antibodies were incubated on cells for 1h a 37

Samples were rinsed three times with PBS. Fluo-
rescent secondary antibodies were added concurrently:
FITC anti-mouse 1gG diluted 1:100 (Zymed Labora-
tories, Inc., San Francisco, CA, USA) in PBS/BSA

Figure 1. Photomicrographs of endometria epithelial and stroma cells. The different cultures were observed
with a phase-contrast inverted microscope. Stroma cells typicaly apprear spindle shaped and reach confluence
within a short period of times (A). Epithelid cells derived from the glandular epithelium initialy presented a
whorled morphology, but within 2 weeks cell integrity deteriorated (B).
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plus 2% horse and 2% goat sera for 45 min at 37
Sides were rinsed with PBS and coverdips added.
Fluorescence was visuaized using a fluorescent
microscope.

5. Western blot analysis

Western blot analysis was performed as described
previously™®™. Cells were grown in a 100 mm tissue
culture dish (Nunc, Rochester, NY, USA) to the same
confluency and were then trested with test compounds.
Proteins were extracted with 20% SDS solution con-
taining 1 mM phenylmethylsulfonyl fluoride (a
protease inhibitor), 10 mM iodoacetoamide, 1 mM
leupeptin, 1 mM antipain, 0.1 mM sodium ortho-
vanadate and 5 mM sodium fluoride. Protein content
was determined using the DC assay kit (Bio-Rad,
Hercules, CA), and separated on 12.5% SDS-PAGE
according to the method of leupeptin. They were then
transferred to nitrocellulose membranes a 100 V,
350 mA for 1 h. All antibodies were used according
to the manufacturers instructions and protein bands
were detected using an ECL detection kit (Amersham,
Piscataway, NJ).

6. Immortalization of endometrial stromal cells

The plasmid pMK 16, containing SV40 replication
origin defective gene (SV40 ori-), was used in this
study. Normal cell were transfected 12 day in culture
when subconfluent. This purified plasmid DNA was
transferred into the cells using DNA superfect(Qiagen,
Vaencia, CA, USA) according to the manufacturer's
ingtruction. Brifly, 1.5¢g plasmid and 40xg DNA
superfect in 3ml serum free medium were added to
culture which had been washed twice with serum free
medium. After 24h incubation a 37 , fresh medium
was added to the culture. A successful transfection
was assessed after 5 or 6 days by a sharp increase of
cdl doubling time and SV40 large T antigen immuno-
staining. Growth curves of norma or transfected
endometrial stromal cells have been evaluated: 2x10°
cdls were plated in 75cm? flask and culture as

reported above. Medium was changed every 2 day.
The proliferation potentid of transformed clones was
determined by their totd CPDL (cumulative popula-
tion-doubling levels) using the formula cpdl = In
(Nf/Ni)/In 2, where Ni and Nf are initid and fina cell
numbers, respectively, and In is the naturd log. The
initia cell number was 2 x 10° for each propagation.

RESULTS

1. Isolation of normal endometrial cells

Epithdid cels were polyhedra and grew as is
lands in a whorl-like pattern around glandular fragment,
and stroma cedls were spindle-shaped, more long-
lived and grew rapidly to form parald bundles of
cels as shown in Figure 1. Stromd cells typicaly
apprear spindle shaped and reached confluence within
a short period of times. Epitheliad cells derived from
the glandular epithelium initialy presented a whorled
morphology, but within 2 weeks cell integrity was
deteriorated.

2. Characterization of endometrial cells

The intermediate filaments vimentin and cytokeratin
were detected immunocytochemicdly to proof the
epithdia or stroma origin of the cultivated cdlls.
Cytokeratin 8/18(the marker of epitheia cels) was
positive for the epithelia cells, whereas vimentin (the
marker of stromd cells) was positive for sroma cdls
as shown in Figure 2.

3. Immortalization of endometrial stromal cells

1-2 weeks after transfection (with SV40 large T
antigen), rapidly growing colony were observed. After
conflunecy, they lost contact inhibition and grow as
overlayer. Transfected endometrid stroma cells were
tested for the expression of severd specific antigens
previoudly observed in norma endometrid cells. The
expression of sv40 large T antigen was tested by
immunocytochemistry and showed a strong nuclear
straining in 100% cells of immortalized endometria
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Figure 2. Immunofluorescent staining of endometrid epithelia and stroma cells. Stroma cells immunostained
for vimentin (A), but stromd cells were not stained for cytokeratin as shown (B). However, Epithdlid cels
immunostained for cytokerain (C), but epitheliad cels were not stained for vimentin (D).
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stromal cells as shown in Figure 3. We carried out
with cumulative population-doubling levels (CPDLS)
of immortalized endometrid stromd cdlls to study of
growth characteristics and production. This result
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Figure 3. The SV40 large T antigen expression of
norma endometrid stromal cells and immortaized
endometriad stroma cells. Both in immunostaining
(A) and western blot analysis (B), SV40 large T
antigens strongly expressed in immortalized endo-
metrial stroma cdls, but, in norma endometrid stro-
ma cells, SV40 large T antigens were not expressed.

suggests that, immortdized endometrid stroma cells
had an extended life span (CPDL60) as shown in
Figure 4. The transfected endometrid stromd cells
were showed by 100% positive vimentin expression
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and negative for cytokerating/18 expression as shown
in Figure 5.
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Figure 4. Cumulative growth curve of transformed
cells a immortalization. We carried out with cu-
mulative population-doubling levels (CPDLS) of im-
mortalized endometrial stromd cells to study of gro-
wth characteristics and production. This result suggests
that, immortalized endometrial stromd cells had an
extended life span.
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DISCUSSION

The aim of this work was the isolation of highly
purified human endometrid epithelid and stromal
cels in order to set up a modd system to study
endometrial physiology, in particular endocrine and
paracrine response and interaction. Stromal cells typi-
cdly apprear spindle shaped and reached confluence
within a short period of times. Epithelia cdlls derived
from the glandular epithelium initidly presented a
whorled morphology, but within 2 weeks cell inte-
grity deteriorated. We also tried to develop a more
stable model for these studies by immortalization of
endometrial stroma cells.

The pure endometrial stromal cells were immo-
rtalized by SV40 large T antigen using a similar
protocol with Kang et al™®™, These endometria cells
have integrated the SV40 genome and large T anti-
gens were shown by immunostaining analysis. Pheno-
typic characterigtics of transfected cdlls were similar to

e
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Figure 5. Immunochemical trait of immortalized endometrial stromal cells and normal endometrial stromal
cdls. Phenotypic characteristics of transfected cells were similar to those of their norma corresponding
endometria cells. Transfected endometria stromd cells were showed by 100% positive vimentin expression and

negative cytokeratin8/18 expression.

- 322 -



those of their normal corresponding endometrial cells.
However, the frequency of immortalization is quite
low. For example, Shay and Wright (1989) determind
a frequency of 107 of immortd cells in a SV 40
transformed human fibroblast (SV/HF) culture. The
SV40 large T antigens were known to interact with
anti-oncogene products such p53 and Rb, and may be
involved in the dysregulation of proliferation and
differentiation-associated genes™™®. Therefore, these
immortalized cells could be useful for further study of
paracrine interaction, and the initid stages of trans-
formation and endometrial cancer.
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