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Summary. The synthesis of a soluble protein (referred to as 'decidualization\x=req-\
associated protein', DAP), has been examined in uterine and placental tissues of rats
during pregnancy by means of polyacrylamide gel electrophoretic analysis of
[3H]leucine-labelled soluble proteins. No synthesis of the protein was detected in
non-implantation regions of the uterus. In implantation site tissue, no synthesis was

detected on Days 6 or 7 of pregnancy. Only slight synthesis was present in the endo-
metrium on Day 8, but synthesis rose rapidly from Days 9 to 12 in both the endo-
metrium and myometrium although differences in the rates of increase were observed.
Synthesis fell from Day 12 to 14 in both tissues. Synthesis by the myometrium was

entirely localized in the mesometrial region, which contains the metrial gland.
After Day 12, when the endometrium is represented by the chorioallantoic

placenta, synthesis was examined in the labyrinthine and the decidua basalis/basal
zone placenta tissues. No synthesis of 'DAP' was detected in the labyrinthine
placenta from Day 16 of pregnancy. Synthesis observed in the decidua basalis/basal
zone placenta fell dramatically from Day 14 to 20. The pattern of synthesis of'DAP'
during pregnancy suggests a role in the establishment of the chorioallantoic placenta
and metrial gland in the rat.

Introduction

In response to the implanting embryo, major transformations occur in the uterus which
culminate in the formation of the placenta. Three distinct cell types arise by proliferation and
differentiation in the uterus during this period. (1) Antimesometrial decidual cells arise by
differentiation of anti-mesometrial stroma, and persist in pregnancy as the decidua capsularis. (2)
Mesometrial decidual cells originating from the mesometrial stroma form the decidua basalis
under the labyrinthine placenta. (3) The metrial gland cells may be derived from the mesen-

chymal cells in the mesometrial triangle (Krehbiel, 1937; Baker, 1948; Davies & Glasser, 1968;
Larkin & Schultz, 1968) or from lymphocytes (Buhner & Peel, 1977). These transformations,
collectively known as decidualization (DeFeo, 1967), may be artificially induced in pseudopreg¬
nant or hormone-primed animals by stimuli such as oil or trauma by a needle scratch (Glasser &
Clark, 1975; Sananes & Le Goascogne, 1976) and the resultant organ is termed the deciduoma.

During a previous investigation, increased synthesis of a soluble protein was observed during
deciduoma development in the rat. The synthesis of this "decidualization-associated protein
(DAP)" was undetectable in unstimulated uteri (Bell, 1979). Biochemical markers for
decidualization are rare (Finn, 1971; Glasser & Clark, 1975; Finn & Porter, 1977), and although
alkaline phosphatase has been employed as a marker (Manning, Steinetz & Giannina, 1969), no

specific protein has been previously detected. However, the observation that the rat deciduoma
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contains new antigenic determinants that are not found in the immature rat uterus (Yoshinaga,
1972, 1974) supports an alteration in specific protein synthesis.

To determine whether the 'decidualization-associated protein' is linked with decidual cell
differentiation in other physiological conditions, its synthesis was examined in rat uterine and
placental tissues during pregnancy.

Materials and Methods

Animals, operative techniques and tissue separations. Holtzman-derived Sprague-Dawley rats,
weighing between 220 and 260 g, were used. They were kept in windowless rooms at a room

temperature of 22°C and with the lights on from 06:00 to 20:00 h. Food (Oxoid Breeders Diet)
and water were always available. The rats were paired with males of proven fertility and the
morning on which spermatozoa were found in the vagina was designated Day 1 post coitum (p.c.)
of pregnancy. At different days of pregnancy, the rats were killed by cervical dislocation and the
uteri excised. On Days 6 and 7 of pregnancy, total implantation site tissue, as visualized by i.v.
injection of 1 ml 1% (w/v) diamine blue, was used. From Days 8 to 14 of pregnancy, after
removal of implantation sites, myometrial tissue was separated from fetal and endometrial tissue
by passage of a forceps between the layers. Subsequently the fetus and fetal elements were
dissected from the endometrial tissue. On Days 14 to 20 of pregnancy, all the placentae were

removed from the uteri by passage of forceps over the myometrium and from fetal elements by
cutting the vascular connection. The inner labyrinthine placenta was separated from the outer
decidua basalis/basal zone placenta by gentle crushing of placentae onto moistened filter paper
and subsequent teasing apart with forceps. Weights were recorded at all stages. The antimeso-
métrial regions of the myometrial tissue of implantation sites were separated after removal of
the fetus and endometrium (Text-fig. 1). Serum was obtained from whole blood (5-7 ml),
withdrawn by cardiac puncture from animals lightly anaesthetized with ether, before removal of
the uterus.

Histological procedures. In order to assess the nature and aspect of separated tissues, tissue
samples were fixed in Bouin's fluid, dehydrated, embedded in paraffin wax and 6 pm sections
were stained with Ehrlich's haematoxylin and eosin.

 ... .. (a)

Myometrium

Basal zone

Decidua basalis

Metrial gland

Text-fig. 1. Diagrammatic representation (approx.  5) of the rat placental structures on Day 12
of pregnancy. The tissues are separated into (a) labyrinthine placenta, (b) decidua basalis/basal
zone placenta, (c) anti-mesometrial myometrium and (d) mesometrial myometrium.
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Labelling and preparation ofsoluble proteins. Soluble proteins were labelled and prepared as

previously described (Bell, Reynolds & Heald, 1977), except that 250 mg wet weight of tissue
were used, and washed tissues were homogenized in 1 · 5 ml EDTA solution. Soluble protein was
measured in aliquots of supernatants by the method of Bradford (1976), using crystalline bovine
serum albumin as a standard.

Preparation of acid-soluble and acid-insoluble fractions. Aliquots (200 pi) of super¬
natants were mixed with 200 pi of 12% (w/v) trichloracetic acid, and after standing in ice for 10
min, the precipitate was centrifuged and washed twice with 12% (w/v) trichloroacetic acid and
once with ethanol. The combined TCA washes were retained for the determination of acid-
soluble radioactivity.

Gel electrophoresis. Electrophoresis was carried out as previously described (Bell et al,
1977) except that samples containing 100 pg protein were applied to 5% (w/v) acrylamide
separating gels. Sodium dodecyl sulphate polyacrylamide gel electrophoresis was carried out as
described by Becker & Stanners (1972).

Measurement of radioactivity. Aliquots (up to 50 pi) of acid-soluble supernatant fractions
and protein samples were incubated with 0-5 ml Soluene 350 (Packard Instruments Co. Inc.,
Illinois, U.S.A.) in sealed vials for 1 h at 50°C before addition of 10 ml scintillation solution (6 g
2,5-diphenyl oxazole/1 toluene; Koch-Light Laboratories, Colnbrook, U.K.). Gels to be counted
for radioactivity determination were placed overnight in a 5% (w/v) trichloracetic acid, frozen
over solid C02, and the top 30% of gels was sectioned into 0-95 mm slices with a macrotome gel
slicer (Yeda Research & Development Co. Ltd, Rehovot, Israel). Each slice was placed in a

scintillation vial, and 0-5 ml Soluene 350 was added. The vials were incubated at 50°C for 6 h,
and after cooling 10 ml scintillation solution (as above) were added. All vials were left at 4°C for
24 h in the dark before radioactivity was counted in a scintillation spectrophotometer (Packard
Tri-Carb Model 3320). Quench correction was determined with an external standard.

Results
Growth,protein content and [3H]leucine incorporation

Wet weight of the implantation site and endometrium increased throughout pregnancy, but
most rapidly between Days 13 and 20, when the endometrium was represented by the chorio¬
allantoic placenta (Tables 1 and 2). During this latter period the increased wet weight was mainly
due to growth of the labyrinthine placenta. From Days 14 to 20 the contribution of the
labyrinthine placenta to total placental weight increased from 25 to 60% (Table 2). A decrease in
Table 1. Changes in wet weight, soluble protein content and [3H]leucine incorporation of the endo¬

metrium and myometrium of the implantation site during pregnancy in the rat

Day of
pregnancy

Wet wt of
endometrium (mg)

Soluble protein content
(mg/250 mg wet wt tissue)

Endometrium Myometrium

Incorporation of [3H]leucine
(d.p.m.  10~3/Mg soluble protein)
Endometrium Myometrium

5*
6*
7*
8
9

10
11
12
13
14

11 ± 1-5
22 ± 1-5
35 + 2
52 ±3
63 ±3
79 ±3

118 ± 4

2-48 ± 0-22
1-95 ±0-18
2-48 ±0-07

•95 ±0-15
 59 ± 015
•18 ± 0-13
•12 ± 0-27
•00 ± 0-25
•00 ±0-21
 81 ±0-08

1-43 ±0
1-20 ±0
1-73 ±0
1-88 ± 0
1-95 ± 0
2-36 ±0
2-48 ±0

•22
•15
•27
•23
 37
•20
•27

5·
9
6·

•3± 1-6
•2 ±0-6
•4+ 1-2
·0±0·5
•6 ±0-4
•9 ± 1-0
 8 ±0-3

5 + 0·
2± 1-
4±0·

5
0
7

4-35 ±0
5-4 ±0
5-25 ± 1
6-1 ±0
8-3 ±0
5-0 ±0
4-8 ±0

9
05
75
8
5
2

* On these days endometrium and myometrium were not separated. Results are expressed as mean ± s.e.m.
(n = 5, except for wet weight observations for which  = 15).
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soluble protein content was observed in total implantation tissue on Day 6 when compared to
Days 5 and 7 (P < 0-02). Soluble protein content increased in the endometrium between Days 8
and 10 and in the myometrium between Days 9 and 14 (Table 1). In both zones of the placenta,
protein content fell from Days 14 to 16 (Table 2). When incorporation of [3H]leucine into soluble
protein was represented as specific activity, i.e. radioactivity/pg protein, a large increase was
observed in the implantation tissue on Day 6 compared to that on Days 5 and 7 (P < 0-01). On
Day 8 specific activity was substantially higher in the endometrium (P < 0-01), whereas on Day
12 it was increased in the myometrium (P < 0-005). Over the remaining period no substantial
difference was observed between the two tissues.
Table 2. Changes in wet weight and soluble protein content of fractions of the rat placenta during late

pregnancy

Wet weight (mg)
Soluble protein content

(mg/250 mg wet wt tissue)

Day of
pregnancy

Labyrinthine
placenta

Decidua basalis/basal
zone placenta

Labyrinthine
placenta

Decidua basalis/basal
zone placenta

14
16
18
20

32 ±3
75 ±9

165 ± 17
238 ± 12

92 ± 7
152 ± 10
162 ±9
161 ±8

2-61 ±0-27
1-39 ±0-07
1-33 ± 0-15

1-2 ±0-07

2-7 ±0-22
1-72 ±0-07
1-77 ± 018
1-39 ± 010

Values are mean + s.e.m. for  = 5, except for wet weight observations for which  = 15.

10 20 50 60 7030 40
Slice number

Text-fig. 2. Identity of 'decidualization-associated protein' (DAP) on polyacrylamide gel
electrophoresis. Soluble proteins from endometrial tissue of a rat at Day 5 post coitum were
labelled with [3H]leucine and electrophoresed on (a) 5% polyacrylamide gel and (c) 6-5%
sodium dodecyl sulphate polyacrylamide gels. Black bars represent stained 'DAP'. Regions on
the 5% PAGE gels (xlO) containing 'DAP' were sliced, protein extracted and the resultant
preparation electrophoresed on 6-5% sodium dodecyl sulphate polyacrylamide gels (b).
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Estimation of 'decidualization-associatedprotein ' synthesis
DAP synthesis was initially detected by sodium dodecyl sulphate polyacrylamide gel

electrophoresis of soluble protein extracts of deciduomal tissue (Bell, 1979). Quantitation of
synthesis using this system was considered difficult since the pattern of incorporation of
[3H]leucine into proteins in the region of the gel containing 'DAP' was complex (Text-fig. 2c). A
more satisfactory system was found using ordinary polyacrylamide gel electrophoresis, in which
the protein exhibited a mobility of 0-17 with respect to albumin and migrated in a region essen¬
tially free of other major peaks of [3H]leucine incorporation (Text-fig. 2a). The identity of this
protein fraction was verified by slicing this region from the polyacrylamide gel, homogenizing the
gel slice in 0-05% (w/v) EDTA, centrifuging, and subjecting the supernatant to sodium dodecyl
sulphate polyacrylamide gel electrophoresis. As shown in Text-fig. 2b, a single peak of
incorporation was obtained which exhibited identical electrophoretic mobility to 'DAP'.
Synthesis of the protein was estimated by summating the d.p.m. values in the peak with an RT of
0-17, and since constant amounts of soluble protein (100 pg) were applied to the gels an
estimation of the relative rates of incorporation of [3H]leucine into this protein by various tissues
could be obtained.
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Text-fig. 3. Synthesis of 'decidualization-associated protein' (DAP) by rat implantation site
tissues during pregnancy. Synthesis of 'DAP' was estimated as described in the text for total
implantation tissue (A), endometrium (O), myometrium (#), decidua basalis/basal zone placenta
(T) and labyrinthine placenta ( ). Each point is the mean ± s.e.m. of a separate analysis on 5
animals.
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Synthesis of'decidualization-associatedprotein' during pregnancy
On Days 5, 6 and 7, no synthesis was detected in the uterus, and from Day 8 of pregnancy

synthesis of the protein was detected only in implantation site tissue. In endometrial tissue,
synthesis dramatically increased from Days 8 to 12, and slightly fell from Days 13 to 14 (Text-
fig. 3). In myometrial tissue, although synthesis was detected on Day 8 of pregnancy, it did not

significantly increase until Day 10, and on Day 12 the rate of synthesis was equivalent to that
found in the endometrium. The rate of incorporation then fell on Days 13 and 14 (Text-fig. 3).
The myometrium during this period (Days 10-14) is regionally differentiated, due to the
development of the metrial gland in the mesometrial triangle and so synthesis was examined in
separated antimesometrial and mesometrial myometrial tissue of implantation sites on Days 12
and 14 of pregnancy (Text-figs 1 and 4). On both days, synthesis of 'DAP' could only be
detected in soluble protein preparations of the mesometrial myometrial fraction (Text-fig. 4).
From Days 14 to 20, synthesis by the separated labyrinthine placenta and decidua basalis/basal
zone placenta was estimated. As shown in Text-fig. 3, synthesis by the labyrinthine placenta was

only detectable on Day 14 of pregnancy. Histological examination, however, demonstrated that
on Day 14 the separated labyrinthine placenta was substantially contaminated with decidua
basalis/basal zone placental tissue. Synthesis by the decidua basalis/basal zone placentae fell
dramatically from Days 14 to 20.

3r

10 15

Slice number

Text-fig. 4. Radioactivity profiles on polyacrylamide gels of soluble proteins from endometrium
and myometrium of rat implantation site tissue on Day 12 of pregnancy. The tissue on Day 12
of pregnancy was separated into (a) endometrium, (b) antimesometrial myometrium and (c)
mesometrial myometrium. Tissues were labelled in vitro with [3Hlleucine, soluble proteins
prepared and 5% PAGE carried out as described in the text. The top 25% of the gels was sliced
and the radioactivity estimated. The black bar represents the stained 'DAP' band.
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When gels equivalent to those used for estimations of synthesis were stained for protein, a

similar pattern in the appearance of 'DAP' was observed. However, it did not appear as a stained
band until Day 9 in endometrial preparations and on Day 11 in the myometrial preparations.

Discussion

The synthesis of the soluble protein 'DAP' first detected in extracts of deciduomal tissue (Bell,
1979) has now been demonstrated in implantation site tissue during pregnancy in the rat. In the
endometrium undergoing decidual differentiation, incorporation of f3H]leucine into this protein
was first observed on Day 8 of pregnancy. Synthesis demonstrated in the myometrium, which
was shown to be localized in the metrial gland-containing mesometrial region, first appeared on

Day 10 of pregnancy. In both tissues, maximum synthesis was observed between Days 12 and
13 of pregnancy. Within the endometrium, which at later stages of pregnancy was represented by
the chorio-allantoic placenta, synthesis was primarily localized in the decidua basalis/basal zone

placenta. Synthesis of 'DAP' has therefore now been detected in uterine tissues undergoing
decidualization whether induced by the blastocyst as in pregnancy (present study), or by artificial
stimuli such as arachis oil (Bell, 1979).

The synthesis of 'DAP' in the endometrium of the implantation site up to Day 13 of
pregnancy could be linked with a mesometrial decidual cell site of synthesis. Antimesometrial
decidua reaches maximum growth on Day 8-9, but 'DAP' is not detectable until Day 8,
suggesting that this tissue is not involved in 'DAP' synthesis, although a more sensitive assay for
'DAP' may demonstrate otherwise. The development of the mesometrial decidua reflects the
pattern of 'DAP' synthesis observed, appearing on Day 8 and reaching maximum development
between Days 11 and 13 (DeFeo, 1967). After Day 13, however, when synthesis was detected in
the decidua basalis/basal zone portion of the placenta, the decidua basalis is present mostly as a

thin, fibrous and necrotic layer of cells (Bridgman, 1948; Davies & Glasser, 1968). Synthesis
could be associated with the "islets of vacuolated glycogen cells" within the basal zone (Davies &
Glasser, 1968), since, according to one view, these arise by engulfment and incorporation of
decidual cells into the basal zone (Duval, 1891).

The synthesis of 'DAP' observed in the myometrium during pregnancy was considered to be
associated with the metrial gland region for two reasons. Firstly, synthesis was totally localized
in the mesometrial region of the myometrium, where development of the metrial gland occurs

(DeFeo, 1967). No synthesis was detectable in the antimesometrial and lateral regions of the
myometrium of the implantation site or in the tissue between the implantation sites. Secondly, the
pattern of synthesis found during pregnancy closely followed the development of the metrial
gland region, being first observable on Days 8-10 and reaching maximum development on Days
12 to 14 (Velardo, Dawson, Olsen & Hisaw, 1953; DeFeo, 1967). These findings suggest that
observations of total myometrial activity during pregnancy should be re-evaluated, since changes
observed may be related to metrial gland/mesometrial triangle development and not to the
myometrium per se. For example, the observations of Haukkamaa (1974) and Vu Hai, Logeât &
Milgrom (1978) on progesterone receptor levels in the myometrium, which reach a maximum of
Days 10 to 12, may be primarily related to metrial gland development.

The metrial gland region consists of granulated metrial gland cells, which develop primarily
around the blood vessels, and cells which histologically are similar to the decidual cells of the
decidua basalis, and should be considered as a fourth cell type associated with decidualization.
Although the metrial gland region has not been the subject of extensive study, relaxin synthesis
(Dallenbach-Hellweg, Battista & Dallenbach, 1965; Larkin, 1972) and IgG binding (Bulmer &
Peel, 1977) have been attributed to metrial gland cells.
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The detection of 'DAP' synthesis by decidual tissue, decidua basalis/basal zone of the
placenta and the metrial gland region raises questions as to the functional relationship of these
tissues during decidualization. The possibility exists, however, that 'DAP' represents a group of
proteins with similar electrophoretic properties but differing in their site of synthesis. Charac¬
terization of 'DAP' in terms of physicochemical properties, function and cellular site of synthesis
is in progress.

This research was supported by a grant from the Ford Foundation (No. 740-0049). I thank
Miss E. M. Boyce for expert technical assistance and Professor P. J. Heald for continuous
interest and encouragement.
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