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Temporal- and hormone-dependent changes in uterine sensitization for
the decidual cell reaction and decidualization in vitro of rat
endometrial stromal cells

T. G. Kennedy and H. E. Ross

Departments of Physiology and Obstetrics and Gynaecology, The University of Western Ontario,
London,

The ability of endometrial stromal cells from nonsensitized rat uteri to undergo decidualization
in vitro was investigated. Cells were obtained by enzymatic dispersion from uteri of
ovariectornized, steroid-treated rats at the equivalent of day 4, 5 or 6 of pseudopregnancy, or
on day 5 from rats treated with 0, 0.3 or i@ oestradiol (low, intermediate or high doses of
oestradiol, respectively) on day 4, and cultured for 24, 48 or 72 h. Decidualization, as
assessed by uterine mass 5 days after the unilateral intrauterine injectionudf S€ame oil,

was maximal for ratseceiving the deciduogenidimulus on day5 and treated with the
intermediate dose of oestradiol. Under control conditionstro, alkaline phosphatase (ALP)
activity, the increase in ALP activity with time, and prostaglandir{F&5E) accumulation in

the medium were greatest for cells from maximally sensitized uteri. Indomethacin, an inhibitor
of PG synthesis, reduced P&&ccumulation to barely detectable amounts, and decreased ALP
activity, especially in cells from maximally sensitized uteri, indicating that endogenous PG
production contributed to the increase in ALP activity in these cells. The addition efWGE
indomethacin increased ALP activities. However, ALP activities were lower for cells derived
from nonsensitized uteri when compared with cells from maximally sensitized uteri. These
results suggest that endometrial stromal cells from nonsensitized uteri have a reduced capacity
to undergo decidualizatioin vitro, and that this reduced capacity is not explained by
differences in PGEproduction.

Introduction whereas the latter requires progesterone (Psychoyos, 1973)

In rodents, the differentiation of endometrial stromal cell$he former is apparently independent of this hormone
to decidual cells occurén vivo in response to either (Sananistal.,1980). _
blastocysts or artificial stimuli (Psychoyos, 1973). The influence of uterine sensitization on subsequent
Decidualization in response to an artificial stimulus can bgéecidualizationin vitro has not been investigated in detail.
obtained only during a limited period in pregnancyOn the basis of the expression of desmin and laminin,
pseudopregnancy, or when the uterus has been preparedvgni et al. (1992) concluded that decidualization vitro
an appropriate regimen of hormone treatments (Psychoyo¥as independent of uterine sensitization. However, that
1973; Finn and Porter, 1975; Kennedy, 1980a). listudy was qualitative rather than quantitative. The present
addition, oestrogen in low, but not high, doses actstudy was undertaken to determine whether the state of
synergistically with progesterone to sensitize the rat angterine sensitization at the time that the endometrial
mouse uterus (Yochim and De Feo, 1963; Armstrong arstromal cells were isolated affected the extent of
King, 1971; Finn and Porter, 1975; Sartaral., 1978; decidualizationin vitro. Decidualization was assessed by
Kennedy, 1980b). Thus, uterine sensitization for theetermining ALP activity (Yee and Kennedy, 1991, 1993).
decidual cell reaction in vivo is time- and Because PGs, particularly of the E-series, iated at least
hormone-dependent. in part, decidualization of endometrial stromal callsivo
Endometrial stromal cells isolated from sensitized ra&ndin vitro (Kennedy, 1994), the effect of manipulating PG
uteri undergo decidualization when cultured as indicated lyncentrations during the culture period was determined.
morphology (Vladimirskyet al.,1977; Sanagset al.,1978), The contribution of endogenous PG production to
expression of desmin (Glasser and Julian, 1986; ktaali,  decidualizationin vitro was assessed by inhibiting its
1992) and laminin (Margt al.,1992), and changes in ALP production with indomethacin (Vane, 1971). Because
activity (Yee and Kennedy, 1991, 1993). Howeverdifferences in decidualizationin vitro might be a
decidualizationin vitro differs from that which occurén  consequence of differences in the abilities of the cells to
_ produce PGs, the effect of the &dmh of PGE to the
Received 17 May 1996. culture medium with indomethacin was determined.
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Fig. 1. Schematic representation of the treatment protocols administered to ovariectomized rats to obtain
uteri differentially sensitized for the decidual cell reactib€R). () periods when the lights were off,

(@) when the lights were on. Numbers give the equivalent day of pseudopregnancy.
Temporal-dependent changes were investigated by giving rats a deciduogenic stimulus, daydagr

daye and they were killed days later to assess ther, or killed on day, 5,0r 6 to obtain endometrial
stromal cells for culture. Except for those killed on dagll rats received.3 ug oestradiol plug mg
progesterone on the afternoon of da@estradiol-dependent changes were investigated by treating with
no oestradiol (low)9.3.g oestradiol (intermediate), aropg oestradiol (high) on the afternoon of diay

they were given a deciduogenic stimulus on glagd killeds days later to assess ther, or killed on
daysto obtain endometrial stromal cells for culture. Note that the protocols for theraisyand those
treated with the intermediate dose of oestradiol were identical.

Materials and Methods oestradiol-induced changes in uterine g&raion on subsequent
decidualizatiorin vitro, different amounts of oestradiol (0, 0.3 or
Animals 1.0pg) with a constant amount of progestergnmg) were given
] on the afternoon of the equivalent of dagf pseudopregnancy,
Female Sprague-Dawley rats were obtained from Harlagnq the animals were killed on the morning of the next day. At all
Sprague-Dawley Inc., Indianapolis, INZ#D-225g body mass and  times other than day, the rats received the same steroid
housed in temperature- and light-controlled conditions (lights O eatments. For brevity, these treatments will be referred to as
from 05:00-19:00h) with free access to food and water. low, intermediate or high doses of oestradiol, respectively.

Treatment of . S
L ) ) ~ Decidualization in vivo
The rats were ovariectomized under ether anaesthesia and

allowed at least days to recover from the surgery. To obtain An experiment was conducted to confirm that the treatment
uteri differentially sensitized for the decidual cell reaction, ratgrotocols (Fig.1) resulted in uteri which were differentially
were given oestradiol and progesterone subcutaneously in sesaseasitized for the decidual cell reaction. Five groups of rats, at the
oil according to the protocols illustrated (Fig. 1). To investigateequivalent of day, 5or 6 of pseudopregnancy, or receiving low,
the effects of temporal changes in uterine sensitization omtermediate (same animals as dagr high doses of oestradiol,
subsequent decidualizatiom vitro of isolated endometrial received a deciduogenic stimulus, the unilateral intrauterine
stromal cells, the same sequence of oestradiol and progesteranection of 100pul sesame oil (Finn and Keen, 1963). The
was administered to all rats, but animals were killed on thétrauterine injections were given into the uterotubal end of the
morning of the equivalent of day, day 5 or day 6 of uterine horns under ether anaesthesia between 10:302andh
pseudopregnancy. (Day 1 is the last day of vaginal cornificatiorgn the appropriate day. The rats were treated daily with
In these experiments, the initiation of hormone treatments wasestradiol and progesterone as shown in Fand killeds days
staggered so that all animals in an experiment were killed on tladter the deciduogenic stimulus. As an indicator of
same day. To investigate the effects of decidualization, the mass of the stimulated and
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nonstimulated uterine horns was determined (De Feo, 1963; Finn 330
and Keen, 1963).

Endometrial stromal cell isolation and culture 7
Endometrial stromal cells were isolated from the differentially; === | 423 i
sensitized uteri by the method of McCormack and Glad€g80( = i ;

as modified by Yee and Kennedy (1991). In summary, uteriné_- | [ ol I

horns, split longitudinally, were initially incubated in pancreatin = 1 ; E

(GIBCO-BRL, Burlington, Ontario) and dispase Il (Boehringer p l 5

Mannheim, Laval, Quebec) to liberate epithelial cells, then in : | ] | | |

collagenase (type Il, Sigma Chemical Company, St Louis, MO) to ; Day5 Day4 DavE  Low Hidhi

liberate endometrial stromal cells. The stromal cells were lemediate pestradicl oestradl

suspended in Dulbecco's modified Eagle's medium: F-12 nutrient el S

mixture containing heat inactivated charcoal-stripped fetal caffig. 2. Effects of the unilateral intrauterine injection of 100D
serum (10%) (v/v), penicillin (50 U ), streptomycin (5Qug  Sesame oil on mass of uterine horns after 5 days for rats receiving
mlY) and fungizone (1.2;g mI™:; all GIBCO-BRL). The cell the treatment protocols presented in Fig. 1. Each bar represents
suspension was filtered through nylon mesh {fif) to remove the mean: sem of_the log-transformed data of 7-8 rats. The
contaminating glands, and plated at 5 X tells in 0.5 ml geometric mean is given at the top of each bar.

medium in 24-well plates (Becton-Dickinson, Lincoln Park, NJ).

After an initial incubation period of 2 h at 3Z under 5% . - .
CO295% air to allow differential attachment of stromal cells, theradmlmmunoassay specific for P&Bs described by Kennedy

medium was removed and replaced with fresh medium containir(égm)' Th? sertvity OT the assay was _approximately_ 1(_) Pg per
tibe; the intra- and interassay coefficients of variation were
the treatments. . 0 0 .
The stromal cells were cultured for up to 72 h with@PProximately 6% and 10%, respectively.
indomethacin (18 mol I'; Sigma) or with indomethacin plus
PGE (1 pg mI*; Cayman Chemical Company, Ann Arbor, MI). Statisti
A tatistical analyses
The treatments were added to the culture medium in ethanol, the _ y _
final concentration of which did not exceed 1% (v/v). Cells not L_Jterlne mass was _Iog-transforme(_j_and analysed b}/ 6}“61')/5'5 of
receiving a treatment were cultured with the same concentratidfdriance; the variation was partitioned on a within- and

of ethanol. The culture medium was replaced every 24 h artetween-animal basis. Because a significant interaction was
stored at - 26C until assayed. present, Duncan's new multiple range test (Steel and Torrie,

1960) was used for subsequent between-group comparisons.
Data from the cell cultures are presented as means + SEM of
triplicate or quadruplicate observations from a single experiment.
Alkaline phosphatase activity and protein content Each experiment was performed at least three times with

After 24. 48 or 72 h of culture. the medium was removed frcmg.jifferent endometrial stromal cell preparations (6-8 rats per
some weI'Is and the cells \,Nashed with  Dulbecco's I:,Bgreparation). Because of significant differences between exper-

(GIBCO-BRL). The cells in some of the wells were lysed withMents, as det_ermined by analysis of variance, the da_ta from
0.25% (w/v) sodium deoxycholate, pH 9.5, and stored &G70 different experiments have not been pooled. Comparison of

. g o experiments indicated that the treatment effects were qualita-
until assayed for ALP activity (Lowry1957), which is expressed e .
Y y ( W957) P aéjvely, although not always quantitatively, consistent. The PGE

as nmol of the substrate, p-nitrophenol phosphate (Sigm .
P P phosp (Sig ata were log-transformed before analysis to remove

hydrolysed per 30 min. The protein content of some wells w. ; .
determined by the method of Lowet al. (1951) after the cells eterogeneity of variance (Snedecor, 1956). Treatment effects
were determined by analysis of variance; when significant

had been solubilized in% (w/v) SDS-1G° mol EDTA I and | _ , )
stored at - 70C. Bovine serum albumin (Sigma) was used as th(lenterac'uons were found, Duncan's newltiple range tests (Steel
standard and Torrie, 1960) were used for group comparisons.

Prostaglandin Eradioimmunoassay Results
The collected culture medium was acidified to pH 3.0-3.5 wit : TS
1 mol HCI I and extracted twice with 4 volumes of diethyl ethelrnb ecidualization in vivo
to determine the accumulation of PGE the medium when cells Uterine mass 5 days after the unilateral application of a
were cultured under control cdtidns or in the presence of deciduogenic stimulus to groups of rats treated with the different
indomethacin. The organic phase was recovered, pooled aptbtocols is presented (Fig). Mixed-model analysis of variance
evaporated to dryness under nitrogen. Samples were titetets  Of the log-transformed mass revealed a significant (P < 0.001)
in PBS containing gelatin (X0mol sodium phosphaté in 0.154 interaction between the effects of deciduogenic stimulation and

mol sodium chloride™, 0. 1% (w/v) gelatin, pH 6.8) and then protocol. The mass of the nonstimulated uterine horns did not
used in a differ significantly (P > 0.05) between



132 T G. Kennedy and H. E. Ross

Day 4

Y
—--ﬂ_'_'_
o S
.-'--';:_'___-
H
F A
L]
EY -~
4 | L
- EEN -~
] - 0
= e W
= 5 o e
- i
rs .-'"'.--_.--"FE.-*"H-H-
[ .-"'"-_.-"'-.-"".
Bl 1 & Liay
—_— _-'._."
of .
. !
¥
Dy &
Y 1
NN
gt
ol
sl Ay
—
I-
TrmE m cuBure {H)

a4
_
T
f’if:-""_ -
i ¢ T
= s
% I//
= . o
g ..-___.-"' f_,;'
P - il
e
= -~ e Lo
e i __.-"".{:J"'-. Day 5
7 §=
i 1A !
T 48
Ly E
I
¥ __'__‘.
P -
A e
- _ —

ma In oullurs (1)

Fig. 3. Total alkaline phosphatase (ALP) activity (a) and ALP concentration (b) in endometrial stromal
cells obtained from uteri at the equivalent of day 4, 5 or 6 of pseudopregnancy and cultured for 24, 48 or
72 h under control@) conditions, with indomethacir®) (10l mol 1'1), or with prostaglandin HA)

(PGE; 1 g mi?) plus indomethacin. Each point represents the mean + SEM of 3-4 observations; where
the SEM is not apparent, it is smaller than the symbol.

groups. By contrast, for the day 5 intermediate dose of oestradidhy of pseudopregnancy on which they were obtained. However,
group, the mass of th&imulated horns was greater (P < 0.01)for cells obtained from day 5 of pseudopregnancy, total ALP
than in any other group. The group receiving the low dose @fctivity was greatest at any given time, and the increase from 24
oestradiol had uterine mass of stimulated horns greater (P < 0.05)o 72 h was also greatest.

than those of the day 4 or day 6 group, but not different (P > 0.05) When indomethacin was added to the culture medium, total

from that of the group receiving the high dose of oestradiol.

Temporal changes in uterine séimation and
decidualization in vitro

ALP activity still increased significantly (P<@1) with time in
culture. For cells obtained from uteri at day 4 or day 6 of
pseudopregnancy, treatment with indomethacin had no significant
effect when compared with the corresponding control, except for
day 6 cells at 72 h when total activity was significantly (P < 0.01)
decreased. By contrast, for day 5 cells, at 24, 48 and 72 h of
culture, indomethacin treatment resulted in significantly (P <

In a series of experiments, the effects of time in culture and @.01) lower total ALP activity. At culture for 24, 48 and 72 h,
manipulation of PGEconcentrations on total ALP activity and ALP activity was always greatest for day 5 cells, and least for day
ALP activity per unit of protein (ALP concentration) were 6 cells.
determined for endometrial stromal cells obtained from uteri at The addition of PGEwith indomethacin resulted in total ALP
the equivalent of day 4, 5 or 6 of pseudopregnancy. For total ALEctivities that were significantly (P < 0.01) higher than in the
activity (Fig. 3a), analysis of variance indicated a significant (P same cells under control catidns or treated with indomethacin.
0.05) three-way interaction between the effects of day ofotal ALP activity was greatest (P<0.01) for cells obtained from
pseudopregnancy, time in culture, and treatment during culturéay 5 uteri. At 48 and 72 h in culture, activity in day 4 cells was
For control cultures, total ALP activity increased significantlygreater (P< 0.0 1) than in day 6 cells.

from 24 h to 72 h in culture, irrespective of the
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day 4 cells accumulated more PGEan did day 6 cells, but this
was reversed at 72 h.

ad 1 |

:: Oestradiol-induced changes in uterine Sération

Pl and decidualization in vitro

; Endometrial stromal cells from uteri exposéd vivo to

J different amounts of oestradiol were cultured in a series of
2 repeated experiments, and the effects of manipulating> PGE

T

- : - concentrations on total ALP activity and ALP concentration
" 7 determined. For total ALP activity (Fig. 5a), analysis of variance
indicated a significant (P < 0.01) three-way interaction between

" ! 8 ; tﬁle effects of oestradiol, time in culture, and treatment during
endometrial stromal cells obtained from uteri at the equivalent of day L
(), 5 @) or 6 (1) of pseudopregnancy and cultured for 24, 48 or 7 ulture. For control cultures, total ALP activity increased

h under control conditions; the medium was replaced every 24 h. Eagignificantly (P < 0.001) from 24 h to 72 h, irrespective of
point represents the mean + sem of 3-4 observations; where the sen@@stradiol treatment in vivo. However, total ALP activity at each
not apparent, it is smaller than the symbol. time, and the increase from 24 to 72 h, was greatest for cells
exposed to the intermediate dose of oestradiol.
When indomethacin was present, total ALP activity increased
Because changes in cellular protein could confound the effeq® < 0.001) with time in culture. For cells from animals receiving
of treatments, ALP concentration (activity per unit cellularthe high dose of oestradiol, maximal activity was observed at 48
protein) was also analyzed (Fig. 3b). Analysis of variancé, whereas maximal activity was found at 72 h for the other cells.
revealed a significant (P < 0.05) three-way interaction betweeit 48 and 72 h, ALP activity was greater for the intermediate
the effects of day of pseudopregnancy, time in culture, anoestradiol cells than for the low or high oestradiol cells.
treatment. For control cultures, ALP concentration increaseGompared with their respective controls, indomethacin treatment
significantly (P< 0.001) with time for all cells. However, ALP decreased ALP activity at 48 h and 72 h for the intermediate dose
concentration and the increase in ALP concentration duringf oestradiol, and at 72 h for the high dose.
culture were greatest (P < 0.01) for cells obtained from uteri at When PGE plus indomethacin were added to the medium,
day 5. total ALP activity was increased (P< 0.01) above that of
When the cells were cultured in the presence of indomethacirgspective control or indomethacin-treated cells at each time. The
ALP concentration increased (P < 0.001) with time. For day 4 an@lLP activity was greatest (P < 0.01) at each time for cells
day 6 cells, indomethacin treatment had no significant effeadbtained from animals treated with the intermediate dose of
when compared with the corresponding controls, except for daydgstradiol. ALP concentrations (Fig. 5b) were also analysed to
cells at 72 h when the concentration was decreased (P< 0.01). &low for possible treatment effects on the protein content of
contrast, indomethacin treatment of day 5 cells decreased (Rsltured cells. Analysis of variance revealed a significant (P <
0.01) ALP concentrations at 48 and 72 h. At 48 and 72 h, ALB.05) three-way interaction between the effects of dose of
concentration was greatest for day 5 cells, and least for dayo@stradiol, time in culture, and treatment during culture. For
cells. control cultures, the time-courses of ALP concentrations differed
Treatment of the cells with PGIalus indomethacin resulted in depending on prior treatment with oestradiol. In all cases, ALP
ALP concentrations which, within each time and day, wereoncentrations were greater (P < 0.001) at 72 h than at 24 h. For
greater than for controls or indomethacin treated cultures, excelpiv-oestrogen treatment, ALP concentration did not change
for day 4 cells at 24 h. At 24, 48 and 72 h in culture, ALPoetween 24 and 48 h, whereas for the other oestrogen treatments
concentration was greatest for day 5 cells. At 48 and 72 h ihere was an increase. The increase in ALP concentrations during
culture, ALP concentration was greater (P< 0.01) in day 4 cellsulture was greatest for cells of the intermediate oestradiol group.
compared with day 6 cells at the same time. In addition, at 48 h and 72 h in culture, ALP concentrations were
The accumulation of PGEn the medium for control cells is higher (P< 0.01) for intermediate oestradiol cells than for low and
presented (Fig. 4). Analysis of variance of the log-transformetligh oestradiol cells.
data from control and indomethacin-treated cells indicated a The effect of indomethacin on ALP concentrations varied,
highly significant (P< 0.001) three-way interaction between thelepending on treatment in vivo with oestradiol. For low and high
effects of day, time in culture, and treatment. For cells cultured ioestradiol cells, indomethacin had no significant effect compared
the presence of indomethacin, PGibncentrations were barely with the respective control cultures, except at 72 h for the
detectable (geometric mean of 98 pg per well) and did not diffdtigh-oestradiol cells in which ALP concentrations were
between days or times in culture. Under control conditions,.PGEignificantly (P< 0.01) lower. For the intermediate oestradiol
accumulation increased with time for cells from each day ofells, treatment with indomethacin significantly (P < 0.01)
pseudopregnancy. At 24, 48 and 72 h in culture, PGEdecreased ALP concentrations at 48 h and 72 h, but not at 24 h.
accumulation by day 5 cells was greater W< 0.01) than for day 4
or day 6 cells. At 48 h in culture,

L

Tomie im Sulura ()
Fig. 4. Accumulation of prostaglandin,EPGE) in the medium of



134 T.G. Kennedy and H. E. Ross

= | Loww aesiramic Lo pasiradio
LI
5 4.6 :
L E |
| .'-.' -".-..-. ’
| '_'I._._,_.,-I-"'-...-E:H &7 ﬁ 1 -;:;:_._.-:'—':i
5 !*:'-_'-_'—-'==="§' ———
I = 0.8 - —
= 5 [ o | |
g 50 g A
: = y
T ik - i [
i T A o .
[= ST, e A =) .-__,-'- L]
o & L
= & > ] T 4.E o { Irdermacaig
E S __,.-""' 'i.'“"-. .__.--" E A e raio
& .--__.-"' i .-' .-__.-"'-.. ’ —
= i - .-__.-' . -~ E : g e
T l‘,.- e 1 i= | Yy .
0 o &
L 700 _':-""'- :—_ i___.
e g
'L B — o ona -
5 2 " e 4 i = _
Ml =
1
|
Hich bailiad Hiah aesirac
i | igh oestradio O Gesiracio
|
16
Wk A
o b
- a4 " .
2K i -~ L
A = d 27 A
- . i A
{0 __,_-_c';"f""' __.-"':..-"_'_i_.-"' i .
e e
ey
g — - A - -
g A 2 4R =
Tirms im culluine (R Tirfe in cullure [k

Fig. 5. Total alkaline phosphatase (ALP) activity (a) and ALP concentration (b) in endometrial stromal cells
obtained on day 5 from the uteri of rats treated on day 4 with low, intermediate or high doses of oestradiol. The
cells were cultured for 24, 48 or 72 h under cont®) ¢onditions, with indomethacir®) (10° mol 1°), or with
prostaglandin E(A) (PGE; 1 mg mi") plus indomethacin. Each point represents the mean + SEM of 3-4
observations; where the SEM is not apparent, it is smaller than the symbol.

60
The effect on ALP concentrations of PQ#us indomethacin 5
varied, depending on oestradiol treatment in vivo and time irfF T
culture. For intermediate-oestradiol cells, the addition of PGES 45 |-
along with indomethacin resulted in ALP concentrations higher2
(P < 0.01) than those found in control or indomethacin-treate%'
cultures at the equivalent time. By contrast, for low-oestradiolz 30 |
cells, the combined treatment had an effect only at 72 h whef
ALP concentrations were higher than those of control an%
indomethacin-treated cultures. For high oestradiol cells, ,PGEZ 15

plus indomethacin resulted in higher (P < 0.05) ALPwW f'ﬂ
concentrations at 48 h compared with the other treatments, but gt ___f_f’___—f—*'—’#o
72 h the concentrations did not differ from the controls. 0 & ' ;

The accumulation of PGEn the medium for cells cultured = TS e
under control coritions is shown (Fig. 6). Analysis of variance Time in culture (h)

of the Iog-transformeq data frlorr? F:ontrol and indomethacin treatqqg_ 6. Accumulation of prostaglandin,§PGE) in the medium of

cells revealed a highly significant (P < 0.001) three-wayendometrial stromal cells obtained on day 5 from the uteri of rats

interaction between the effects of dose of oestradiol, time imeated on day 4 with lowd), intermediate @) or high () doses of

culture, and treatment during culture. For cells cultured witlestradiol. The cells were cultured for 24, 48 or 72 h under control

indomethacin, PGE concentrations were barely detectableconditions, and the medium was replaced every 24 h. Each point

(geometric mean of 97 pg per well), andre not affected represents the mean + SEM of 3-4 observations; where the SEM is not
apparent, it is smaller than the symbol.
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(P> 0.05) by oestradiol treatment or time in culture. For contrdaminin, concluded that decidualizationvitro is independent of
cultures, PGEaccumulation increased (P< 0.01) for each of theiterine sensitization. However, that study was qualitative rather
oestradiol treatments from 24 h to 48 h, and then again from 48than quantitative, and no comparison of the time courses for the
to 72 h except for intermediate oestradiol cells for which therexpression of the markers in sensitized and nonsensitized cells
was no difference in accumulation between 48 h and 72 h. Awas given.
each time PGE accumulation was greatest for intermediate Decidualizationin vivo is mediated, at least in part, by PGs,
oestradiol cells, and least for low oestradiol cells, except at 24 garticularly of the E-series, which are involved not only in the
when accumulations did not differ for intermediate and higtearly vascular responses but throughout the process (Kennedy,
oestradiol cells, but were greater than for low oestradiol cells. 1994). Yee and Kennedy (1991) have reported that decidual-
izationin vitro of endometrial stromal cells from sensitized uteri
is also mediated in part by P&Bs assessed by ALP activity. In
support of this, the present study shows that indomethacin, at a
Discussion concentration that reduced P&&ccumulation in the medium to
concentrations that were barely detectable, significantly reduced
As indicated by uterine mass 5 days after the administration of AP activity and concentration in sensitized cells. Consequently
standardized deciduogenic stimulus, the steroid hormortee observed differences in the ability of differentially sensitized
protocols used in the present study produced uteri that wecells to undergo decidualization vitro may be related to their
differentially sensitized for the decidual cell reaction. Because thability to produce PGs. Two observations in the present study
protocols differed only in the hormonal treatment of the animalsupport this hypothesis. First, P&&ccumulation in the culture
before the application of the stimulus, the differences imedium was greatest for the maximally sensitized cells. Second,
decidualization were a consequence of differential sensitization midomethacin, which inhibited endogenous PG production, had a
the time of stimulation, rather than a consequence of differencgeeater effect on ALP activities and concentrations in the
in the ability of the treatments toupport the process of maximally sensitized cells, indicating that the increases had a
decidualization. The greatest decidualization was obtained wheneater dependency on endogenous PG production. However,
rats received an intermediate amount of oestradiol@)3n the  when endogenous PGHvas added to the cultured cells along
equivalent of day 4 of pseudopregnancy, and were given tlwdth indomethacin, ALP activities and concentrations in the cells
deciduogenic stimulus on day 5. Application of the stimulus atom nonsensitized uteri were not increased to the values seen in
earlier (on day 4) or later times (on day 6), or the administratiotihe maximally sensitized cells. If differences in BGEoduction
of low (zero) or high (1.0ung) doses of oestradiol on day 4 were the sole explanation for the variation in decidualization in
resulted in substantially reduced decidualization. These resultgro, then the exogenous Pg&Ehould have produced a similar
were expected because of the eamerk in rats on the timing of extent of decidualization, irrespective of the state of sensitization
uterine sensitization (De Fed963; Kennedy, 1980a) and the of the uteri from which the stromal cells were obtained. These
biphasic influence of oestrogen (Yochim and De Feo, 1963esults are analogous to findings vivo in which it was shown
Armstrong and King, 1971; Sartor et al., 1978; Kennedy, 1980bjhat exogenous PGEcould not produce endometrial vascular
In addition, using the same protocols as used in the present stuplgrmeability responses (Kennedy980a, b) or decidualization.
Hamilton and Kennedy1@93, 1994) have shown that early (Kennedy, 1986) in temporally or hormonally nonstzred uteri
responses of the uterus to deciduogenic stimulation - the increagegiivalent to those obtained in sensitized uteri.
in uterine extracellular fluid volume and vascular permeability - It is not known why endometrial stromal cells from non-
are greatest in rats receiving the intermediate dose of oestradi@nsitized uteri are less ableuwnadergo decidualizatiom vitro,
and stimulated on day 5. but it cannot be explained completely by differences in PGE
In the present study, ALP activity of the cultured endometriaproduction. There are many possible reasons. The nonsensitized
stromal cells was used as an indicator of decidualization. Becausslls may have fewer functional PGE receptors; endometrial PGE
the proliferative and growth responses of the cells may havginding sites in rats are time- and hormone dependent (Kennedy
differed, both total ALP activity per well and ALP concentrationet al., 1983a, b) There may be a deficit downstream from the
(activity per wunit protein) were measured. The overalinteraction of PGE with its receptors in nonsensitized cells.
interpretation of the results did not differ between the twdhere is evidence that cAMP is, at least in part, a second
indicators. For cells from the maximally sensitized uteri (day Smessenger for PGEn sensitized endometrial stromal cells (Yee
intermediate oestradiol), there was an increase in total ALBnd Kennedy, 1991, 1993). Whether analogues of cAMP can
activity as well as ALP concentration with time in culture, theoverride the differential responses to the nonsensitized cells has
latter observation being in agreement with an earlier study (Yeet to be determined. Alternatively, the sensitized endometrial
and Kennedy, 1991). While endometrial stromal cells from lesstromal cells may produce a mediator that is not produced by
sensitized uteri had increased ALP activities and concentrationensensitized cells, which acts together with PG®©
with time in culture, the activitiesand concentrations were differentiate the cells. This possibility could be addressed by
always less than those for the maximally sensitized cells. Thising media conditioned by sensitized cells.
finding suggests that, ag; vivo, the ability of endometrial
stromal cells to undergo decidualizationvitro is dependent on
uterine sensitization which is time- and hormone-dependent. This

conclusion differs from that of Mani et al. (1992) who, based on
the expression of desmin and This work was supported by the Medical Research Council of Canada,
Grant MT-10414.
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