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Abstract

The rodent endometrium undergoes remarkable modifications durikeywords
pregnancy, resulting from a redifferentiation of its fibroblasts. DuringAutoradiography
this modification (decidualization), the fibroblasts transform into PH]-Proline
large, polyhedral cells that establish intercellular junctions. DecidualE>S}-Sulfate
ization proceeds from the subepithelial stroma towards the dedgrdometrium
stroma situated next to the myometrium and creates regions compdégause
ography whether cells of these different regions have different levels

of macromolecular synthesis. Radioactive amino acids or radioactive

sulfate were administered to mice during estrus or on different days of
pregnancy. The animals were killed 30 min after injection of the
precursors and the uteri were processed for light microscope autoradi-
ography. Silver grains were counted over cells of different regions of

the endometrium and are reported as the number of silver grains per

area. Higher levels of incorporation of amino acids were found in

pregnant animals as compared to animals in estrus. In pregnant
animals, the region of decidual cells or the region of fibroblasts
transforming into decidual cells showed the highest levels of synthe-

sis. Radioactive sulfate incorporation, on the other hand, was gener-

ally higher in nonpregnant animals. Animals without decidual cell
transformation (nonpregnant and 4th day of pregnancy) showed a
differential incorporation by subepithelial and deep stroma fibro-

blasts. This study shows that regional differences in synthetic activity

existin cells that are in different stages of transformation into decidual

cells as well as in different regions of the endometrium of nonpregnant

mice.

broblasts are known as decidual cells and can
be considered as a new cell type because of
Decidualization is a very rare phenomeztheir modified morphology and acquisition of

non in which differentiated cells (fibroblasts)new synthetic capability. Decidualization oc-
redifferentiate under physiological conditionscurs in the endometrium of several species of
after exposure to a defined hormonal sequencedents as well as of humans.

and to a less specific triggering stimulus (for Mouse decidual cells are large and poly-
reviews, see Refs. 1-3). The transformed firedral. Their nuclei are round and the nucleoli

Decidualization in rodents
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are prominent (4). Mouse decidual cells argided by the intimate contact between the
often multinucleated. Their cytoplasm acimplanting embryo and the uterine epithe-
quires a large amount of organelles assodium (17). The uterine epithelium is thought
ated with macromolecule synthesis and sde transduce the stimulus into one or more
cretion as well as lysosomes (5). The accunessages to the subepithelial fibroblasts in-
mulation of intermediate filaments is an im-ducing them to transform into decidual cells
portant feature of rodent decidual cells (6)(18). The main messenger is supposed to be
Although the endometrial fibroblasts havea prostaglandin that is synthesized by the
intermediate vimentin filaments, during trans-epithelial cells and later on also by the newly
formation into decidual cells they acquiretransformed decidual cells so that these cells
desmin filaments which are considered to bmfluence surrounding fibroblasts to trans-
a marker of decidualization (7). Intercellularform into new decidual cells (19,20). Mouse
junctions, rarely present when decidual cellgecidual cells store phospholipids contain-
were fibroblasts, become profuse and odng choline in their cytoplasm which is prob-
cupy extensive areas of the cell surface (8ably used as precursor for prostaglandin syn-
These junctions are mainly of two types, i.e thesis (21).

adherens and gap junctions (5). One of these Thus, when a section of a mouse implan-
junctions stains with anti-desmoplakin I/Il tation site on the 5th day of pregnancy (dop)
antibody (9). is analyzed with a light microscope, it is

Several functions have been attributed tpossible to visualize several regions of ill-
the mouse decidua, including nourishmendefined limits in the endometrium. The layer
of the embryo prior to development of theof subepithelial decidual cells that surround
placenta, controlling penetration of the trothe implanting embryo represents the first
phoblast and protection of the embryo fronfibroblasts that undergo redifferentiation and
maternal immunoglobulins and migratorywill be called mature decidual cells. These
cells (1,10,11). In rats the decidua has beearells show the most advanced degree of mor-
shown to produce a luteotrophic factor wittphological modification (5).
actions similar to those of prolactin (12). The mature decidual cells are surrounded
Recent morphological and immunocyto-by a population of fibroblasts that are in the
chemical evidence has shown that prolactiprocess of redifferentiating into decidual
is present in granules of a special subpopulaells, called predecidual cells. They retain
tion of cells of the mouse antimesometrialntermediate features between the fibroblasts
decidua (13). Human and mouse deciduand mature decidual cells. Finally, in the
cells were shown to continue producing coldeep endometrium, close to the myometrium,
lagen as they did before transformatioris alayer of nontransformed fibroblasts. From
(14,15). Biochemical and immunochemicakhe 6th dop on, the cells that are closest to the
data have shown that mouse decidual cellsmbryo begin to involute and finally die
secrete increasing amounts of type V colf22). These involuting decidual cells be-
lagen, a molecule that could not be detectetbme interposed between the embryo and
in the nonpregnant endometrium (16). the mature decidual cells.

The events of fibroblast transformation A very interesting feature of decidualiza-
into decidual cells are now well known.tion in rodents, which reflects the way in
During normal pregnancy in rodents, thewhich this reaction is induced, is the fact that
exposure of endometrial fibroblasts to a sedecidualization is restricted to the endome-
quence of estrogen secreted during proestrusial areas that surround the implanting em-
luteal progesterone and nidatory estrogebryos (implantation sites). Areas farther away
turns these cells sensitive to a stimulus prdrom the embryos (interimplantation sites)
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do not undergo any visible modification dur- Figure 1 - Incorporation of [3H]-
H H F . NSC i 3H1-

ing decidualization. Sthdop  poo proline or [*H]-tryptophan by

. . BHI- mouse endometrial stromal cells

In short, this morphological heterogene- ryptophan  MPC during estrus and on the 5th and

ity represents cells in several stages of redif- Foc 6th days of pregnancy (dop). The

ferentiation and structural rearrangement with NSC bars represent the average of sil-

ver grain counts per 81 pum2.
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To determine whether the various re-
gions of the endometrium involving implan- Fproline Estrus jmmmm—m : :
tation sites have distinct metabolic rates, we R S P
examined by light microscope autoradiogra-
phy the incorporation of three different ra-incorporation were observed in the en-
dioactive precursors by endometrial stromatlometrium of virgin animals as well as in
cells of pregnant mice as well as of mice irareas of pregnant endometrium not involved
estrus so as to compare the metabolism @fith decidualization (the deep stroma). De-
the endometrium of both groups. The tissuesidual cells that were already undergoing
were fixed and embedded in paraffin or Eporinvolution as part of their natural cycle (flat-
Sections were coated with lIford K2 autoratened decidual cells) also showed low levels
diographic emulsion, developed with D19bof amino acid incorporation.
fixed and stained with hematoxylin/eosin or A special experiment was performed on
toluidine blue. mice injected with high specific activity pro-

In pregnant animals, incorporation of thdine. The animals were killed 1, 2 and 24 h
precursors was measured as the number later and tissues were prepared for electron
silver grains/cytoplasmic area in the follow-microscope autoradiography (15).
ing regions: a) mature decidual cells, b) cells At 1 and 2 h the incorporation ofH]-
transforming into decidual cells (predeciduaproline was mainly intracellular, concentrated
cells), and c) nontransformed fibroblasts obver the endoplasmic reticulum and Golgi
the deep endometrium. In 6th dop animalsisternae. At 2 h some silver grains were also
incorporation was also analyzed in the depresent in the extracellular matrix. At 24 h
cidual cells that directly surround the em-most silver grains were concentrated over
bryos and are beginning to involute. In virgincollagen fibrils. These results indicate that
animals the concentration of silver grainsnost of fH]-proline was incorporated to
was evaluated in the fibroblasts of the subsynthesize new collagen.
epithelial and of the deep stroma. Radioactive sulfate is known to be incor-

The amino acid®H]-proline was injected porated into sulfated glycosaminoglycans
into virgin mice and into mice on the 5th and23). Radioactive sulfate in the form of
6th dop. fH]-Tryptophan was injected into Na3°SQ, was injected into virgin mice and
6th dop mice. All animals were killed 30 mininto 4th, 5th and 6th dop mice and the ani-
after the administration of the precursors. mals were killed 6 h after the injection.

The results offH]-proline and §H]-tryp- Counting of silver grains over the en-
tophan incorporation are shown in Figure 1dometrial stromal cells revealed that their
Incorporation of both precursors was higheoncentration was highest in virgin animals
est in decidualized areas of pregnant erand declined in pregnant animals (Figure 2).
dometria. On the other hand, lower levels of In virgin animals the incorporation was

PDC: predecidual cells; NSC:
nondecidualized stroma cells;
FDC: flattened decidual cells.
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Figure 2 - Incorporation of 355
by mouse endometrial stromal
cells during estrus and on days
4,5 and 6 of pregnancy (dop). In
nonpregnant mice and 4-day
pregnant animals the silver
grains were counted over cells
of the subepithelial region (SE)
and of the deep stroma (DS) of
the endometrium. At implanta-
tion sites the grains were
counted over flattened decidual
cells (FDC), mature decidual
cells (MDC), predecidual cells
(PDC), and nondecidualized
stroma cells (NSC). The bars rep-
resent the average of silver grain
counts per 1,000 um2,
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Comments
NSC
sthdop "0C Decidualization in rodents offers a good
FDC (72777773 opportunity to study a system in which redif-

ferentiation occurs in normal adult mam-
mals.

Previous biochemical data from our labo-
ratory have shown different levels of synthe-
sis of sulfated glycosaminoglycans in the
endometrium during various stages of preg-
nancy in the mouse (27). Since the decidua
has cells in different stages of transforma-
tion, the use of am situ approach such as
higher in the subepithelial region than in theautoradiography is a better choice over bio-
deep stroma. Similarly, on the 4th dop, beehemical techniques because, instead of ana-
fore overt decidualization started, incorpodyzing the tissue as a whole, it permits the
ration was higher in the subepithelial stromadetection of regional differences within a
On days 5 and 6 the incorporation was hightissue.
est in predecidual cells. The autoradiographic results show that at

Endometrial regions situated between imimplantation sites the endometrial regions
planting embryos (interimplantation sites)which can be distinguished by morphologi-
and that do not undergo modifications dureal characteristics also have different meta-
ing pregnancy showed incorporation leveldolic activity.
similar to those of the nondecidualized deep The regions found to be metabolically
stroma (data not shown). more active are those in which the cells are

A parallel ultrastructural study was per-growing more intensively (predecidual cells)
formed to investigate the fundamental maer synthesizing more actively (mature de-
trix of the endometrium during pregnancy.cidual cells). On the other hand, involuting
With the use of cationic dyes (safranine Odecidual cells and nontransformed cells in
ruthenium red, ruthenium hexamine trichlothe deep stroma had the lowest incorpora-
ride) added to the fixatives used during prepdion of radioactive precursors.
ration of tissues for electron microscopy, the One of the rare autoradiographic studies
proteoglycans become much better preservesth amino acid incorporation by decidual
than with aldehydes alone (24-26). With thiells was performed in rats by Takekida
treatment the proteoglycans of the extrace[28). This author observed that the incorpo-
lular matrix appear as networks of filamentsation of PH]-methionine was lower around
and/or granules. The arrangement of thedbe embryo than in areas farther away. These
networks, their density and the size of theiareas are probably equivalent to the regions
meshes are different in the several regions of flattened decidual cells and mature de-
the endometrium in pregnant mice. Interesteidual cells and thus his results are similar to
ingly, even in virgin mice and in preimplan-ours.
tation uteri the features of the proteoglycan Animportant result of our study was that
network are different when the subepitheliasubepithelial and deep stromal cells of non-
stroma and the deep stroma are compargdegnant endometria also behaved differ-
(Grecca PS, personal communication).  ently, with the former being more active.

NSC [Tttty
5thdop ppc [T TITTIITIITITITTID
MDC [[CIIIITIITIIITT
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Several questions must be addressed cotire understanding of uterine physiology. This
cerning the meaning of regionalization: Aremay indicate that there are at least two cell
there ovarian hormone receptors in both sulpopulations in the nonpregnant mouse en-
epithelial and deep stroma cells in nondometrium. The subepithelial cells would be
pregnant animals? Would cells of both reecommitted to a functional role such as sus-
gions be capable of transforming into detaining the developing embryo. The deep
cidual cells if properly stimulated? Or doesendometrial cells, on the other hand, are
regionalization result solely from the way inknown to regenerate the endometrium dur-
which the stimulus is applied, i.e., in a cening the postpartum period (29) and probably
trifugal direction from the epithelium to- stay quiescent during the sexual cycles and
ward the myometrium? In this case, is ifpregnancy. The organization of the mouse
feasible to assume that the decidualizingndometrium is thus similar to that of the
stimulus does not have enough time to readiuman endometrium where a subepithelial
the deep endometrium before decidual invdtunctional layer undergoes profound modi-
lution? fications during the menstrual cycle while

On the other hand, the finding that subthe deep, basal layer acts to rebuild the en-
epithelial cells are more active in nonpregdometrium after menstruation.
nant endometria may be very important for
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