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Rat Endometrial Stromal Cells Express the Gap Junction Genes Connexins 26 and 43
and Form Functional Gap Junctions during In Vitro Decidualization !
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ABSTRACT

Gap junctions form between rat endometrial stromal cells as they undergo decidualization. We have examined the steady-state levels
of the gap junction transcripts, connexins 26 and 43 (cx26 and cx43), during artificially i nduced decidualization in vivo and found that
they have a temporal pattern similar to that observed in pregnancy. An in vitro model of decidualizattion was then used. Endome trial
stromal cells from rat uteri sensitized for decidualization were cultured for 24, 48, or 72 h before total RNA was extracted an d subjected
to Northern blot analyses to determine the steady-state levels of cx26 and cx43 transcripts. The analyses revealed that cx26 tr anscript
steady-state levels decreased, whereas those for cx43 increased, from 24 to 72 h. Using an anti-cx43 anti body, punctate
immunofluor escent signals were observed ar ound the periphery of the cells, suggesting that cx43 had been assembled into membrane
plaques. The presence of functional gap junctions between the cells was determined in vitro by two dye-c oupling methods: preloading
and scrape-loading. Calcein (995 Da) and a membrane- bound dye, dioctad ecyl-3,3,3',3-tetramethyli ndocarbocyanine perchlorate (933 Da),
were preloaded into 5% of the endometrial stromal cells before plating. The percentage of preloaded cells that transferred calc ein to
adjacent cells increased from 10% at 3 h after plating to 40% at 6 h. To determine whether or not cells maintain the ability to dye-couple
throughout the culture period, carboxyfluor  escein (CF; 376 Da) and r hodamine dextran (9.3 kDa) were introduced into cells by scraping
the cells with a scalpel, and the distribution of dyes was determined 20 min later. In cells cultured for 24, 48, or 72 h, only CF was
transferred to cells distal to the scrape line. The results from these experiments s uggest that stromal cells can dye-couple throughout
the culture period (3-72 h) and indicate that functional gap junctions form between endometrial stromal cells as they undergo
decidualization in vitro.

INTRODUCTION initiation of implantation of the embryo is one of the earliest

In species in which implantation of the embryo is invasivesigns of decidual cell transformation. Thereafter there is a
such as humans and rodents, implantation of the embryo jgqressive increase in the number of gap junctions between
the receptive endometrium triggers a series of responsgscidual cells until the antimesometrial cells regress to form
collectively called decidualization. During decidualization thene decidua capsularis.

endometrial stromal cells undergo proliferatioand Gap junction channels consist of hexameric aggregates of
differentiation into decidual cells. As the cells decidualize thgygividual proteins called connexins [12]. Connexins are
increase in number and volume, thereby reducing thgentified according to the molecular mass of the protein as
intercellular space. Coincidental with the decrease iﬁredicted from the cDNA; for example, connexin26 (cx26)
intercellular space is the formation of cell contacts such as gggs a molecular mass of 26 kDa. In pregnant rats, steady-state
junctions [1]. levels of transcripts for cx26 and cx43 were determined during
In the decidua, "specialized junctions,” now known to b@ecidualization by means of Northern blot analysis 113, 14]
gap junctions [2], were first identified in the mouse 13]and found to be relatively abundant, with expression
Subsequently, decidual gap junctions were reported in thginciding with the onset of decidualization. During
hamster [4] and the rat [5-8], and in human predecidual celltificially induced decidualization, steady-state levels of cx26
in vivo [9] and in vitro [10, 11]. All rodent species studiedand cx43 transcripts were greater in the stimulated uterine
exhibit the following temporal and spatial pattern of gamorn undergoing decidualization than in the nonstimulated
junction appearance during decidualization, whether iRorn [15]. Thus, for the endometrium, cx26 and cx43 are
pregnancy or in response to an artificial deciduogenic stingecidualization-associated transcripts.
ulus [7]. Prior to decidualization, no gap junctions are found The biological role of decidual gap junctions is unknown.
between endometrial stromal cells. The presence of g@furing implantation in the rabbit, luminal epithelial cells
junctions between endometrial stromal cells 24 h after the pecome junctionally coupled, possibly to coordinate the
response of the epithelium [16]. A similar function may occur
/chcci?cgg 235323%”1‘35 15995. in the antimesometr_ial decidua to synchronize the growth and
This research waé suppc'med by Medical Research Council of Canada grants to T.G%Hbsequent regression of the decidua 13’ 5’ 8]'
(MA-10414) and C.C.G.N. (MT-10855), and a Natural Science and Engineering Research The purpose of the present study was to determine whether
Couggicl)r(?;ga::c?:n?:zmcic‘.gri:ﬁc(jgfﬂF;%?J?GSD?):anment of Obstetrics and G naecoloOr not decidual gap junctions are functional. Both in vivo and
University HF:JspitaI, 359 \)Vi.ndermere Rd., Lo'ndonF,)ON, Canada N6A 5A5. FAX: ()’519) 663_% VIU‘F) models of decidualization were used. Since previous
3388, investigators found that the steady-state lev-
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els of cx26 and cx43 transcripts increase during deciduapMEM)-F12 (Gibco-BRL) containing 10% heat-inactivated
zation [13-15], we focused our investigation on these twoharcoal-stripped fetal calf serum (FCS; Gibco-BRL) and
connexins. The temporal pattern of steady-state transcrippunted; then 24-well plates (Becton-Dickinson, Lincoln
levels for cx26 and cx43 were examined by Northern bldark,NJ) were seeded with 5 X 16ells per well in 0.5 ml of
analyses during artificially induced decidualization in vivoDMEM-F12 and 10% FCS. After a 2-h stromal attachment
and were compared to those found during in vitro decidseriod, the medium was removed and replaced with fresh
ualization. Dye-coupling methods were employed to detemedium [19].
mine whether decidual gap junctions are functional.
Epithelial Cell Separation
MATERIALS AND METHODS To aid in the interpretation of results it wascassary to
determine the cell types that express cx26 on the equivalent of
Animals Day 5 of pseudopregnancy. Endometrial stromal cells and
rg)ithelial cells were separated either enzymatically (seech
‘or mechanically. For the mechanical separation of cell types,
Ehe method of Bitton-Casimiri et al. [20] was employed. The
separated cells were placed in guanidinium isothiocyanate
(GTC) solution (4 M guanidine thiocyanate, 0.5% sarkosyl
) N-laurosarcosine, 25 mM sodium citrate [pH 7.0], 0.1%
Treatment of Animals . , antifoam A, and 5%f3-mercaptoethanol) and homogenized
Rats weighing 200-225 g were ovariectornized under ether. h a Tefl ' | h P “the RNA h 9 d
anesthesia and allowed at least 4 days to recover from surggv}é'éeiexi :;ét?oiis omogenizer; the was then extracte
To obtain rats sensitized for the decidual cell reaction,; '
estradiol-1B and progesterone were dissolved in sesame oil

and administered as indicated in Figure 1 [17]. Northern Blot Analyses
For in vivo tissue preparations, endometrium was separated

from myometrium by gentle scraping [21]. The endometrium
was placed in GTC solution and homogenized with a
Between 1000 and 1200 h on the equivalent of Day 5 @feflon-glass homogenizer. To extract RNA from cultured
pseudopregnancy, under ether anesthesia, rats were givegefs, the medium was removed, GTC solution was placed in
bilateral deciduogenic stimulus of 100l of sesame oil the wells, and the cells were detached by rubbing the bottom
injected into each uterine horn caudal to the uterotubgf the wells with the end of the sterile plunger from a 1-ml
junction. A ligature was tied around the end of the uterugiberculin syringe. RNA was subsequently isolated by
caudal to the site of injection to prevent leakage of oil througéxtraction with phenol/chloroform [22].
the injection site. Rats were killed at various times thereafter. Standard procedures for Northern blot analyses were
Some animals did noteceive the deciduogenictimulus conducted as outlined by Sambrook et al. [23] with some
("nonstimulated”) and served as a control to differentiate thRodifications. Total RNA (10-2Qig) was denatured in 6%
effects of decidual induction and duration of exposure trmaldehyde/50% formamide iMOPS buffer (20 mM 3-

Female Harlan Sprague-Dawley rats (200-250 g; India
apolis, IN) were housed under light (lights-off from 1900-
0500 h)- and temperature-controlled conditions with fre
access to food and water.

Decidualization In Vivo

steroid hormones. [N-morpholinolpropanesulfonic acid [MOPS], 5 mM sodium
acetate, 1 mM EDTA, pH 7.2) at 85 for 15 min. The RNA
Decidualization In Vitro was electrophoresed in a formaldehyde denaturing gel with

Rats were killed by decapitation on the morning of th&NA size standards and stained with ethidium bromide to

equivalent of Day 5 of pseudopregnancy. Uteri were excisefletermine RNA integrity. RNA was transferred to Hybond
above the cervices andntimed of adherent tissue. The uterine(Amersham, Oakville, ON, Canada) nylon membrane by
horns weresplit longitudinally and placed in Hanks' balancedCapillary transfer for 24 h in 20-strength SSC (3 M NaCl, 0.3
salt solution without C4 and MJ* (HBSS; Gibco-BRL, M sodium citrate). After transfer the.RNA was cross-linked to
Burlington, ON, Canada). Endometrial stromal cells werd® membranes by exposure to UV light. _

isolated by a modification of the technique of McCormack and Probes were labeled by random hexamer labeling (Random
Glasser [18]. In summary, the horns were first treated witR"IMers DNA Labeling System, Gibco-BRL) in the presence
dispase Il (6 mg/ml; Boehringer-Maheim, Dorval, PQ. of [a- P]dCTP_ (Amersham)._The CX26, cx43, qnd 1_88 cDNA
Canada) and pancreatin (2.5%:; Gibco-BRL) to isolat@robes were gifts from BJ. Nicholson (State University of New
epithelial cells and then with collagenase (type I, 0.5 mg/miYork, Buffalo, NY), E. C. Beyer (Washington University, St.
Sigma Chemical Company, St. Louis, MO) to isolate stromdouis; MO), and G.L. Hammond (University of Western
cells. The stromal cells were suspended in Bedb's Ontario, London, ON, Canada), respectively, and used
Modified Eagle's medium according to their reported methods ([24-26], respec
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tively). The membranes were prehybridized at®@%or 2 h in
Northern hybridization solution (0.9 mM sodium 0.2 19 E, 0.1 pg E,+amg P,
pyrophosphate, 1 M NaCl, 1% SDS solution, 10-strength Tl |
Denhardt's reagent and §@/ml salmon spernDNA) and 5 i : 3
then hybridized with the labeled probe for 18-24 h in the sami ., . [ . L
solution. The membranes were washed atG55wice in ' i
double-strength SSC/0.1% SDS for 30 min and then twice ir
0.2-strength SSC/0.1% SDS for 30 min. Exposure of x-ray 23 pg E;+4mg F,
film to the blots was conducted at - “TD with intensifying ntrauterine stimulation
screens. Hybridization signals were evaluated by image o -,-:-,- s
analysis (Mocha Image Analysis; Jandel, Corte Madera, CA , _ ’ _ -
. h F{G. 1. Schematic representation of the treatment protocol to obtain rats sensitized for the
and normalized relative to 18S rRNA to account for UNeqUaecidual cell reaction. Steroids were dissolved in sesame oil and administered s.c. For
i cidualization in vivo, some of the animals were given bilateral intrauterine injections of
Ioadlng and transfer of RNA. To _remove prObeS from th%om of sesame oil ar ound noonontheequivalentofDaySofpseudopregnancy»(s). The
membranes, the membranes were immersed for 2 h II‘|IJ,|5OOanimaIIs (tha)\t dr:d not rTceive ﬂlleu c(ijeci dzogenic sgmulus served as "noTstlrguflated"
. controls (N). The animals were killed on subsequent days and RNA was isolated from
Of 1 mM Tris (pH 8)1 1 mM EDTA1 and 0'1'Strength endometrial or decidual scrapings. For in vitro decidualization experiments, the animals
Denhardt's reagent at 5. Each membrane was probed gwere killed on the morning of the equivalent of Day 5 of pse  udopregnancy, and the cells
maximum Of three times ' were isolated and cultured. The open areas represent lights-on; dark areas, lights-off.
Steady-state levels of cx26 and cx43 were examined on the
equivalent of Days 5, 6, 8, and 10 of pseudopregnancy in
stimulated and nonstimulated uterine horns. Three blots from _ .
; ; RT with
three independent experiments from cells cultured for 24, 4§?§:eg§;nthiesot%eilc|)i ;\;le;tee '?E:fg;ﬁgb;?; dl gatatanti rablgit
and 72 h were probed with the cx43 cDNA probe. These blot§ Y 9

) : : ntibody (ICN Biomedicals, Montreal, PQ, Canada; 1:200
were reprobed with ¢x26 along with a fourth preparation of. "~ ) T :
RNA from cultured cells. (gllutlon in 1% BSA in PBS) and then washed five times with

PBS with the last wash being left on for 5 h a€4o reduce
nonspecific staining. The coverslips were mounted onto slides
Preparation of Glass Coverslips for Fluorescence Studies with FITC-Guard (Testog Inc., Chicago, IL) and then viewed
Cells were cultured on glass coverslips in 24-well plategs 5 zeiss epifluorescence microscope equipped with filter set
(22 mnt, 0.13-0.17 mm thick; Fisher Scientific, Pittsburgh,; 7 (exciter BP485 nm, barrier 515-565 nm; Carl Zeiss,
PA) in the experiments that utilized fluorescent compoundsyornwood, NY).
since plastics autofluoresce. Coverslips were degreased with
acetone and ethanol, etched with nitric acid for 6 h, and th%?eloading

autoclaved. To determine the relative plating efficiencies of The technique of preloading [29, 30] was used to determine

C?”S on glass and plastic, the cells were liberated b_y trypsgﬁle ability of the endometrial stromal cells to dye-couple 3 and
digestion (0.5%) and then counted 2 h after plating. N

. he olati ficienci 8 h after plating. Before the final suspension of cells was
differences were observed between the plating efficiencies. plated, 5% of the cells were preloaded with two dyes:

dioctadecyl-3,3,3',3-tetramethylindocarbocyanine perchlorate

(Dil, 933 Da; Molecular Probes, Eugene, OR) and
Immunocytochemistry calcein-acetoxymethyl ester (Calcein-AM, 994 Da; Molecular

To determine whether cx43 is assembled into membram@obes). To load the dyes, cells were suspended and incubated

plaques of cultured endometrial stromal cells, indirecat 2.5 X 16 cells per milliliter in sterile isotonic glucose
immunofluorescence was utilized with CT-360 antibodycontaining 0.5% Dil and 2.0% Calcein-AM for 1 h at°G7
generously supplied by Dale Laird (McGill University, To remove the free dyes from the cell suspensiftar the
Montreal, PQ Canada). This antibody was raised againstirgcubation, the cells were centrifuged and resuspended twice
synthetic peptide corresponding to the C terminus (360-388) DMEM-F12 and 10% FCS. Cell viability of the preloaded
of cx43 [27, 28]. Cells grown on glass coverslips for 40 h wereells was estimated to be approximately 50%. Preloaded cells
fixed in cold methanol (- 2@C) for 10 min and then washed (25 000 viable cells per well) were plated with nonloaded cells
five times with PBS, with the last wash being left on for 1475 000 per well). After the differential attachment period of
min. The cells were incubated at room temperature (RT) inZ h, the medium was removed and replaced with fresh
blocking buffer containing 1% BSA and 10% goat serum imedium. The cells were examined for dye distribution at 3 and
PBS for 1 h; this was followed by a 1-h incubatigith the 6 h postplating by means of a Zeiss epifluorescence
primary antibody or preimmune serum (1:250 dilution in 1%microscope; filter set 15 (exciter BP546 nm, barrier LP590
BSA in PBS). The cells were then washed five times withm) was used for Dil and filter set 17 for calcein. The
PBS, with the last wash being left on overnight @@ .4The numbers of preloaded cells (identified on the ba-
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FIG. 2. Northern blot analyses of cx26 and cx43 steady-state levels during artificially L I | -

induced decidualization. A) Representative photographs of Northern blot analyses for
18S rRNA and cx26 and cx43 transcripts. B) Image analyses for cx26 and cx43 during
decidualization in vivo. The hybridization signals were normalized relative to 18S rRNA
to account for unequal loading and transfer of the RNA. RNA (~20 pg/lane, n = 3) was
isolated on Days 5, 6, 8, and 10 from stimulated (S) and nonstimulated (N)

P

culture

48
Hours 1n

endometrial/decidual cells. Exposure times were cx26, 10 days; cx43, 7 days; and 18S,
8 h. Data are expressed as mean + SEM. For cx26, bars containing different letters are
significantly different from each other (p < 0.05). Cx43 was not detected (ND) in Day 5
and 6S cells and in all N endometrial cells.

FIG. 3. Northern blot analyses of cells undergoing in vitro decidualization. A) Rep-
resentative photographs of 18S rRNA and cx26 and cx43 transcripts. RNA (~10-15
pg/lane) was isolated from endometrial stromal cells after 24, 48, or 72 h in culture.

Exposure times for the transcripts were cx26, 10 days; cx43, 6 h; and 18S rRNA, 8 h.
Three blots from three independent experiments were analyzed for cx43, and an
additional blot was probed with cx26. B) Image analyses were conducted, and the
hybridization signals were normalized relative to 18S rRNA to account for unequal
loading and transfer of the RNA. Data are expressed as mean + SEM.

sis of Dil fluorescence) coupled to non-preloaded cells (no Dil
fluorescence, calcein fluorescence present) were determined.
The degree of coupling was estimated by determining the

numbers of calcein-positive/Dil negative cells adjacent t@ein mixed isomers (CF, 376 Da; Molecular Probes) and 0.1%
Dil-positive cells. Four independent experiments werg@hodamine B isothiocyanate-dextran 10S (RD, 9.3 kDa;
conducted, and a minimum of 200 Dil-loaded cells at eacBijgma) in HBSS. A scalpel blade was scraped down the mid-
time point in an experiment were assessed. dle of the well to load the dyes into the wounded cells. The

dye-containing solution was removed 2 min later, and the

Scrape-Loading cells were rinsed to remove detached cells and to reduce the

The method of scrape-loading was used to determingckground fluorescence. At various times after scrape-
whether the cells exhibited dye coupling after 24, 48, and 72|,ding, the cells were examined for dye distribution with a

in culture [31]. Medium was removed from the wells andzeiss epifluorescence microscope; filter set 17 was used for
replaced with 50@ul of 0.1% 5- and 6-carboxyfluores- CF and set 15 for RD.
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FIG. 4. U26 and 18S rRNA transcript steady-state levels in the luminal epithelium (LE)
and endometrial stromal (ES) cells separated mechanically (A) or enzymatically (B).
Heart (H) RNA was analyzed as a negative control.

Statistical Analysis

The data are presented as mean = SEM of 3 ¢
independent experiments. The image analysis data fron
Northern blots were log transformed prior to statisti
analysis to reduce heterogeneity of variance [32].
significance of the effects of time on connexin MRNA ste
state levels was determined by analyses of variance. V
significant interactions were found, in factorial analysis
variance, Duncan's New Multiple range test was used
group comparisons [33]. The preloading experiment -
analyzed by RxC contingency tests followed by individ
chi-square tests [32].

B

RESULTS
FIG.5. Immunolocalization of  cx43 during invitro decidualization at40 h in culture. The
Cx Transcript Steady_State Levels during Artiﬁcia”y results with anti-cx43 anti  body (A) and preimmune serum (B) are shown. Bar indicates -10

Induced Decidualization In Vivo o
The temporal patterns of cx26 and cx43 transcript
steadystate levels were examined on the equivalent of Days 5,

6, 8 and 10 of pseudopregnancy in stimulated angl,qis of variance of the cx43 image analysis data using
nonstimulated uterine horns (Fig. 2). As indicated by 'maggrthogonal polynomials revealed a trend (p = 0.052) for the

analyses (Fig. 2B), cx26 transcript steady-state levels were 1y, 3 gto4qy.state levels to increase in a linear fashion with
in the endometrium on the equivalent of Day 5 o irHe in culture
I .

pseudopregnancy and increased thereafter by more than 2-fo

in the stimulated horns as decidualization progressed. By

contrast, in the nonstimulated tissue the signal intensi®x26 Northern Blot Analysis: Epithelial Vs. Stromal Cells
remained low. Cx43 transcripts were detected in the As determined by Northern blot analysis, luminal epithelial

stimulated uterine horns only on Days 8 and 10. cells, whether separated enzymatically or mechanically, had
higher steady-state levels of cx26 transcripts than endometrial

Cx Transcript Steady-State Levels during Decidualization stromal cells (Fig. 4).

In Vitro

During decidualization in vitro, both cx26 and cx43 were
. o . . ~Cx43 Immunofluorescence
expressed (Fig. 3). In contrast to findings for in vivo

decidualization, cx26 transcript steady-state levels decrea dEndometriaI stromal cells cultured for 40 h were examined
linearly with ti’me o < 001p anal ;S of variance usinsf%r cx43 immunofluorescence (Fig. 5). Punctate fluorescent

y b P Y gsignals: were observed around the periphery of the cells with
orthogonal polynomials). Cx26 steady-state levels were

L use of the antibody (Fig. 5A) but not its preimmune serum
significantly less (p < 0.02) at 72 h compared to 24 and 48 h(Fig. 513). Diffuse fluorescent signals were ob-
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FIG. 6. Representative example of dye coupling in endometrial stromal cells cultured for 6 h as detected via the preloading method. Dil
fluorescence (A), calcein fluorescence (B), and phase-contrast (C) photomicrographs of the same field are shown. The arrows indicate
the same cell in each photomicrograph; bar indicates ~20 pm. D) Representation of the degree of coupling of cells cultured for 3 or 6 h as
found with use of the preloading method. The percentage of cells coupled to 1, 2, 3, or > 4 cells was determined in four independent
experiments. The total percentage of cells coupled to at least one cell is also represented. Each point represents the mean + SEM.

served inside the cells. These signals were slightly strongéicrape-Loading

than those obtained by means of the preimmune serum. A representative example of cells cultured for 24 h and
then subjected to scrape-loading is depicted in Figure 7.
Preloading Photomicrographs of the RD fluorescence (Fig. 7A), CF fluo-

A representative example of the dye distribution in cells gescence (Fig. 7B), and cells under phase contra_tst (Fig. .7C)
re shown. CF but not RD was found in cells contiguous with

6 h with use of the preloading method is shown in Figure él'th labeled cells located distal o th i Th
Photomicrographs showing Dil fluorescence (Fig. 6A), calceiff €" 1abeled Ccells located distal 1o the scrape line. the
lective transfer of CF but not RD was also observed in

Elgic;fesg%r;ceagglg.sfgv)\;n _an?:atltzmcelLlsu:r';girenizaszngongﬁdometrial stromal cells cultured for 48 and 72 h (results not
fluorescence were found in the same cells. Often, only calcetn®V"):
was found also in cells adjacent to the Dil/calcein-loaded

cells. This presumed coupling was quantified by determining

the percentage of Dil-loaded cells coupled to 1, 2, 3, or > 4

calcein-only-cells (Fig. 6D). RxC contingency tests revealed In this study we examined the temporal patterns of cx26
that the independent experiments were not significantignd cx43 transcript steady-state levels, cx43 immunofluo-
different (p > 0.05) from each other, and that at 6 h compareé@scence, and dye coupling in endometrial stromal cells un-
to 3 h the proportion of cells exhibiting coupling wasdergoing decidualization; our results suggest that functional
significantly greater (p < 0.01). Coupling was observed igap junctions form between these cells as they undergo de-

approximately 10% of the cells at 3 h, whereas at 6 h almosidualization.
40% of the cells exhibited dye coupling. The temporal patterns of cx26 and cx43 transcript steady

DISCUSSION
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FIG.7. Representative example of endometrial cells cultured for 24 h and then scrape-loaded. RD fluorescence (A), CF
fluorescence (B), and phase-contrast (C) photomicrographs of the same field are shown. The photomicrographs were taken 20
min after scraping.

state levels we have found during artificially induced de- Since luminal epithelial cells express cx26 [14], contam-
cidualization are similar to those reported during pregnandgation of the cultures with luminal epithelial cells would
[13, 14]. Cx26 transcript steady-state levels increased durimgsult in detection of cx26 transcripts during in vitro deci-
artificially induced decidualization (Fig. 2), as has also beedualization. This is unlikely to have occurred, because cy-
reported during pregnancy. Moreover, during pregnancy ibkeratin staining, an indicator of epithelial cells, was at back-
was found that cx43 transcript steady-state levels rose shargipund levels at 2 h as evidenced by immunohistochernistry
on Day 7 and thereafter remained relatively constant. As cdresults not shown).
be seen in Figure 2, a similar pattern of cx43 steady-state The decline in cx26 transcript steady-state levels during in
levels was observed on the equivalent days afitro decidualization could be the result of conditions that
pseudopregnancy. It is already known that cx26 and cx43 aselect for a subset of decidual cells that are usually located in
expressed during artificially induced decidualization [15], buthe deeper decidua. Winterhager and others [14] reported that
since the patterns of cx26 and cx43 steady-state levels awe26 was found in the stromal cells that lie in close proximity
similar during pregnancy and artificially inducedto the luminal epithelium whereas cx43 was found in the
decidualization, we conclude that embryonic factors are ndeeper decidua.
required to maintain these temporal patterns. Alternatively, the absence of steroid hormones in the cul-
Both cx26 and cx43 transcrigteady-state levels were ture medium may have resulted in the decline of cx26 steady-
higher in the decidualized tissue compared to nondecidualizethte mRNA levels. Administration of estradiol to ovariecto-
tissue (Fig. 2), and both cx26 and cx43 were expressed durimized [15] and immature animals [36] increased cx26
in vitro decidualization. It is known that in the ratsteady-state mRNA levels in endometrial scrapings and whole
endometrium, cx26 and cx43 steady-state levels are regulatgeri, respectively. Immunohistochemistry indicated that the
by estrogen and progesterone [15]. Since cx26 and cx#&rease in cx26 staining was confined to the Iluminal
transcript steady-state levels were low in the nonstimulatepithelium, presumably suggesting that estradiol modulates
uterine horns and were expressed in the absence of hormone26 expression only in the epithelium. By contrast, proges-
in vitro, the expression of both these transcripts may also berone did not affect cx26 steady-state levels in the stroma
controlled by a factor produced during decidualization. Ainder these circumstances [15, 36]. Thus it is unlikely that
chemical factor that is known to affect gap junctionabteroids modulate cx26 expression in endometrial stromal
expression [34] and is a mediator of decidualization isells.
prostaglandin E[35]. Finally, the decline in cx26 steady-state levels during in
Rat endometrial stromal cells express cx43 during destro decidualization may be the consequence of an in vitro
cidualization in vitro (Fig. 3); this also occurs during in vivoartifact. At present we do not know why cx26 steady-state
decidualization in the rat (Fig. 2) and in vitro decidualizatiorievels decline, but possible mechanisms are currently being
of human endometrial stromal cells [11]. In addition, duringstudied.
in vitro decidualization, cx26 transcripts (Fig. 3) were In the immunofluorescence studies, we found punctate
expressed; but in contrast to observations during in vivilenmunofluorescent signals around the periphery of the cells,
decidualization, cx26 steady-state levels rapidly declineduggesting that cx43 is assembled into membrane plaques
There are at least four possible explanations for this declirfEig. 5). In addition, by comparison with the preimmune se-
during decidualization in vitro: 1) the endometrial stromatum, the antibody gave diffuse signals presumably located
cell cultures were initially contaminated with epithelial cells,within the cells, suggesting that cx43 may also be located
2) our culture system selects for decidual cells that resembigtracellularly. These results suggest that cx43 is present in
those found in the deeper parts of the antimesometrium; 8)e cells at 40 h in culture, and provide further evidence that
CX26 requires hormones to maintain its expression; 4) it is aap junctions form between endometrial stromal cells during
artifact of culturirg the cells. culture.
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