
Changes in global gene expression during in vitro
decidualization of rat endometrial stromal cells

Griselda Vallejo1,#, Darío Maschi1,#, Ana Cecilia Mestre Citrinovitz1, Kazuhiro Aiba2,
Ricardo Maronna3, Victor Yohai4, Minoru S. H. Ko2, Miguel Beato5, and Patricia
Saragüeta1,5,6,*

1Instituto de Biología y Medicina Experimental, Consejo Nacional de Investigaciones Científicas y
Técnicas, Buenos Aires, 1428, Argentina.
2Laboratory of Genetics, National Institute on Aging, Suite 3000, 333 Cassell Drive, Baltimore,
MD 21224, USA.
3Departamento de Matemática, Facultad de Ciencias Exactas, Universidad Nacional de La Plata,
La Plata, Argentina, and CICPBA.
4Departamento de Matemática, Facultad de Ciencias Exactas y Naturales, Universidad de
Buenos Aires, Buenos Aires, Argentina.
5Centre de Regulació Genòmica, Universidad Pompeu Fabra, Dr. Aiguader 88, E-08003
Barcelona, 08003, Spain.
6Departamento de Fisiología y Biología Molecular y Celular, Facultad de Ciencias Exactas y
Naturales, Universidad de Buenos Aires, 1428, Argentina.

Abstract
During the preimplantation phase of pregnancy the endometrial stroma differentiates into decidua,
a process that implies numerous morphological changes and is an example of physiological
transdifferentiation. Here we show that UIII rat endometrial stromal cells cultured in the presence
of calf serum acquired morphological features of decidual cells and expressed decidual markers.
To identify genes involved in decidualization we compared gene expression patterns of control
and decidualized UIII cells using cDNA microarray. We found 322 annotated genes exhibiting
significant differences in expression (>3 fold, FDR > 0.005), of which 312 have not been
previously related to decidualization. Analysis of overrepresented functions revealed that protein
synthesis, gene expression and chromatin architecture and remodeling are the most relevant
modified functions during decidualization. Relevant genes are also found in the functional terms
differentiation, cell proliferation, signal transduction, and matrix/structural proteins. Several of
these new genes involved in decidualization (Csdc2, Trim27, Eef1a1, Bmp1, Wt1, Aes, Gna12,
and Men1) are shown to be also regulated in uterine decidua during normal pregnancy. Thus, the
UIII cell culture model will allow future mechanistic studies to define the transcriptional network
regulating reprogramming of stromal cells into decidual cells.
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Summary Sentence: The transcriptome analysis of in vitro decidualized cells reveals changes in genes involved in chromatin
remodeling that may have novel functional significance of gene regulation in in vivo decidualization.
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INTRODUCTION
In many mammalian species, endocrine changes during the preimplatation phase as well as
signals from the implanting blastocyst lead to extensive modifications of the uterine
endometrium that ultimately converts into decidua. The most conspicuous aspect of this
tissue transdifferentiation is a transformation of stromal cells into large, polyploidy cells
with epithelioid appearance. These decidual cells are characterized by an accumulation of
glycogen and lipids in the cytoplasm, numerous lysosomes, large rough endoplasmic
reticulum, as well as by extensive cell-to-cell contacts and junctional complexes, including
gap junctions, desmosome-like junctions, and tight junctions (Dey et al., 2004). The
differentiation of the endometrium into decidual tissue is called the decidual cell reaction
(DCR) or decidualization, and it also involves several changes in extracellular components,
such as reduction of intercellular space and remodeling of its matrix with a decrease in the
number of collagen fibrils (Mulholland et al., 1992).

There is evidence that, in contrast to stromal cells, decidual cells can synthesize
prostaglandins (Pgs), hyaluronate, prolactin-like proteins, desmin, vimentin, catechol-O-
methyltransferase, ornithine decarboxylase, and alkaline phosphatase (Carson et al., 1987;
Gu et al., 1994; Glasser et al., 1986; Heald et al., 1979; Bany et al., 1998). Numerous
signaling molecules and factors, including cytokines, homeobox transcription factors, cell-
cycle molecules, extracellular matrix remodeling factors and lipid mediators are expressed
in the endometrium during decidualization and are crucial to this process (Dey et al., 2004;
Wang and Dey, 2006). Primary stromal cells in monolayer culture can acquire some features
of decidual differentiation (Vladimirsky et al., 1977; Sananés et al., 1978; Wewer et al.,
1998) and express several decidual markers such as Prolactin(Prl)-related protein (dPRP),
PRL-like protein-B (PLP-B) (Gu et al., 1994), activin A (Gu et al., 1996), and its binding
protein follistatin (Kaiser et al., 1990). However, to date no established cell culture model
has been used for studying the molecular mechanisms of decidual transdifferentiation.

UIII cells were described as immortalized stromal cells derived from normal rat uterus that
retained progesterone and prolactin receptors and progesterone regulation of cell growth
(Cohen et al., 1993). Recently, we found that UIII cells have low levels of PR and ERβ but
no ERα. Nevertheless UIII cells proliferate in response to progestins via a crosstalk between
PR and ERβ that activates the Erk and the PI3K/Akt signaling pathways (Vallejo et al.,
2005). UIII cells have been reported to undergo decidual differentiation in response to
arachidonic acid that induces desmin and prolactin expression (Tessier-Prigent et al., 1999).
UIII cells have also been shown to respond to medium containing low serum and either
progesterone (1 mM), estradiol 17-beta (10 nM), cholera toxin (10 ng/ml) or interleukin-11
(10 ng/ml) through an increase in the expression of a luciferase reporter gene driven by the
dPRP promoter (Rider et al., 2005). Here we describe serum-induced in vitro decidualization
of UIII cells and characterize the changes in gene expression pattern during this process. In
addition to 10 genes already known to participate in decidualization, we identify 312 novel
genes that are differentially expressed during in vitro differentiation of UIII cells treated
with hormone-deprived calf serum. We verify the differential uterine expression of some of
these genes during in vivo decidualization and discuss their possible significance during the
transdifferentiation process.
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MATERIALS AND METHODS
Animals

Female Sprague Dawley rats (from the IByME, Buenos Aires, Argentina) were used for in
vivo validation of microarrays results. The animals were kept under standard conditions.
After mating, the presence of sperm in the vaginal smear the following morning was
designated as day 1 post coitum (d.p.c). To evaluate the pregnancy outcome, autopsy was
performed at 8 d.p.c. and the rats were killed by CO2 asphyxiation. The implantation sites
were removed and the material was frozen for mRNA analysis. Control uteri were obtained
from non-pregnant female rats. The rats were euthanized under approval protocol of the
Animal Experimentation Committee of the IBYME.

Cell culture
UIII cells were maintained in M199 medium supplemented with 10% fetal calf serum
(FCS), gentamycin (50 U/ml) at 37°C in humidified 95% air with 5% CO2 (Vallejo et al.,
2005). Culture media was changed every 2 days. Cells were cultured in M199 supplemented
with 10% dextran–coated charcoal treated FCS (DCC-FCS), and 24 hours later, media was
replaced by fresh M199 without serum. After two days in serum-free conditions, media was
replaced by fresh M199 with 10% DCC-FCS during the time specified in each figure. Viable
cells were counted after 5 days of culture using the 0.1% trypan blue exclusion method. The
percentage of cells with enlarged cytoplasm and decidual morphology were counted under
light microscope.

Immunofluorescence
Cells were fixed with 3% paraformaldehyde in PBS and permeabilized with 0.01% triton
X-100 in PBS (Vallejo et al., 2005). Mouse anti-desmin Dako (dil. 1:100) and Alexa 488
goat anti-Mouse Molecular Probes, The Netherlands (dil. 1:1000) were used. Nucleus was
stained with propidium iodide 1mg/ml for 15min. RNA extraction and RT-PCR: In all cases
total RNA isolation was performed according to guanidinium thiocyanate-phenol-
chloroform extraction single step method (Chomczynski and Sacchi, 1987). To determine
mRNA expression levels, cDNA was synthesized from equal amounts of total RNA (2.5µg)
(Vallejo et al., 2005). PCR amplification reactions were carried out within the exponential
range. All amplification products were routinely checked by gel electrophoresis on a 1.3%
agarose gel and then visualized under UV light following staining with 0.05% ethidium
bromide to confirm the size of the DNA fragment and that only one product was formed.
Amplifications of the cDNA were performed using primers listed in Table S7.

Real-Time PCR
β-actin, GADPH, desmin and Men-1 levels were quantified by Real-Time PCR using the
system of detection ABI PRISM 7500. β-actin and GADPH were used as control. The
authenticity of the PCR products was verified by melting curve analyses and agarose gel
electrophoresis. Fluorescent values were measured at 520 nm. CT values were calculated
with 7500 System Software Sequence Detection System 1.3 (Applied Biosystems) and
relative quantification was carried out according to User Bulletin Nr2 (Applied Biosystems,
10/2001). Amplification of the cDNA was performed using primers and temperatures listed
in Table S7.

PCR Statistical Analysis
Data from desmin and Men-1 gene expression were subjected to ANOVA, followed by
Tukey-Kramer Multiple Comparisons Test. Values were considered significant at p< 0.05.
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Microarray Analysis
Total RNAs were prepared from UIII cells as indicated for each experiment. [33P]-labeled
cDNAs from each sample were hybridized in triplicate on NIA 15K mouse cDNA
microarrays (Tanaka et al., 2000). The clone set (15,264 gene features) sequence
information is available at the National Institute on Aging web site
http://lgsun.grc.nia.nih.gov. About one-half of the genes are novel, with about 90%
sequence-verified (Kargul et al., 2001). Only sequence-verified clones are used for the
analysis in this paper. We opted for this library in the case of rat cells because this is a more
comprehensive set of genes whose embryo and maternal DNA sequences are more
representative of the biological processes of our study (Tanaka et al., 2000). We also
considered that mouse and rat genome sequences do not bear enough differences to discard
their heterogeneous hybridization in benefit of the repertoire of genes tested. Hybridizations
and image acquisitions were carried out as previously described (Tanaka et al, 2000). Signal
intensities of individual spots were obtained with overlaid grids. Background signal
intensities were obtained from media of areas where no DNA was spotted.

Treatment of microarray data and Statistical Analysis
The average of all spots with empty vector material were calculated and used to filter and
normalize the data from each membrane hybridization. After transformation of data those
clones for which three or more were exact zeroes were no longer considered. For each
treatment and replicate, the number of null transformed data was about 70%. The standard
deviations were replaced by a “smoothed” value, which is the average of the standard
deviations corresponding to genes with similar differences. The smoothed standard deviation
was defined as an average from 20 standard deviations. Since normality of the data cannot
be assumed, null distribution was obtained by permutations. The Q-Q plots of this “null
distribution” show that it can be approximated very precisely by a Student distribution with
a small number of degrees of freedom (between 5 and 9, depending on the treatment) (data
not shown). Given the p-values, corrected values were obtained by means of the Fold
Discovery Rate (FDR) procedure of Benjamini and Hochberg (Bejamini and Hochberg,
1995). Lists of genes up- or down-regulated by at least a factor of 3 and FDR of 0.005 in
decidualized cells as compared to control cells were constructed.

Gene Ontology annotation
Gene Ontology (GO) terms significantly over- or under-represented in the group of genes
differentially expressed were identified with program GOstat (Beissbarth and Speed, 2004)
available at http://gostat.wehi.edu.au/cgi-bin/goStat2.pl. GO terms with p-values < 0.01 after
correction for the multiplicity of testing by the Benjamini (FDR) method are reported.

On-line software OntoExpress
Functional profiles using gene ontology terms of regulated genes was further constructed
using the on-line software OntoExpress (Khatri et al., 2002; Khatri et al., 2004).

RESULTS
1. Characterization of UIII in vitro decidualization

To induce in vitro differentiation we cultured UIII cells in presence of 10% of DCC-FCS
(dextran-coated, charcoal treated calf bovine serum). The cells were plated as previously
described (Vallejo et al., 2005) and after two days in serum-free conditions medium
containing 10% DCC-FCS was added (day 0) and cells were cultured for 7 days (day 7),
changing the media every 2 days of culture. Initially cells grew as a monolayer of polygonal
epitheliod cells (Figure 1a), showing some mitotic figures. The kinetic of cell growth shows
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that the number of cells per culture-well increased significantly up to day 4 of culture in
DCC-FCS. Although the cells became confluent after 2 days they continued to grow,
forming multilayer structures. After becoming confluent some cells started to increase in
size and became binucleated. The percentage of these enlarged cells reached a maximum,
10%, at 5 days (Figure 1b).

Expression of the cytoskeleton protein desmin, a marker of in vivo decidualization,
increased at the level of mRNAs and protein (Figure 1c and d) after 4 days of culture in the
presence of DCC-FCS. Desmin expression already approaches maximum at 3 days of
culture around 24 hours after the cells have reached confluence (data not shown). Maximun
expression of desmin coincides with the maximum in the morphological changes, but in
each experiment all cells were positive for desmin after 3–4 days in culture regardless of
their morphological appearance. Therefore, desmin expression seems to be an earlier marker
for decidualization than the enlarged cell size or the appearance of binucleated cells and
indicates a global decidualization of the culture. We performed RT-PCR assays for dPrl,
another marker of decidualization and found that dPrl is not expressed in our condition of
culture during in vitro decidualization (data not shown). We also tested the expression of
other decidua-related genes (Ccnd1, c-Myc, p21Cip/Kip1, Sod, Gpx, inhA/activinA, Fstl1,
Gja1, PrlR, nPR, ERα, ERβ, 11̣β-HSD, 3β̣-HSD, mPRα, pgrm1, desmin) previously reported
during in vivo decidualization (Sugino et al., 2006; Riesewijk et al., 2003; Jones et al., 2002;
Kashiwagi et al., 2007; Grummer et al., 2004; Tan et al., 2002) showing the expected results
(Figure S1).

2. Genes differentially regulated in decidualized cells
To identify genes involved in in vitro decidualization we used microarray analyses of RNAs
(Tanaka et al., 2000) from UIII cells cultured in presence of 10% DCC-FCS for 0 and 96 hs.
A total of 30% of cDNA probes showed significant hybridization in at least one of the two
stages of UIII cells tested. We identified 577 cDNA clones (557 UniGene clusters) with
significant differences in expression (≥ 3 fold, and ≤ 0.5 fold; FDR > 0.005) in decidualized
versus non-decidualized cells. Of these 336 were overexpressed and 241 were
underexpressed in decidualized cells after 96 h of culture (Table S1). Using the full set of
protein-encoding genes on the Gene Ontology database we listed 577 IDs including 538
unique genes (data not shown), of which 322 correspond to annotated genes (Table 1 and 2,
and Table S1). Only ten of these annotated genes have been previously reported to be
regulated in decidual cells (marked with an asterisk in Table 1 and 2). Thus, 312 genes
identified in this study have not been previously related to decidualization.

3. Global functional classification
For global functional classification, functional annotations were derived from the NIA
publicly available database, http://lgsun.grc.nia.nih.gov. We assigned one function to each
up- or down-regulated gene in decidualized cells. The functions were apoptosis, cell cycle,
DNA replication, energy/metabolism, heat shock/stress, matrix/structural proteins, protein
synthesis/translational control, signal transduction, transcription/chromatin, and unknown.
The percentage distribution for all differentially regulated genes in these functions is
represented in Table S2 which also indicates up-regulated and down-regulated genes in
decidualized cells. We found that protein synthesis (14%), signal transduction (6.5%),
matrix/structural proteins (5.5%) and transcription/chromatin (4.5%) were the functions
encompassing more differentially regulated genes (Table S2). The number of genes involved
in protein synthesis with up-regulation after differentiation was higher than the number of
genes down regulated after this event (56 up-regulated, 27%, vs. 6, 2%, down-regulated).
Conversely, gene numbers related to signal transduction (19 up-regulated vs. 18 down-
regulated), matrix/structural proteins (18 up-regulated vs. 14 down-regulated) and
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transcriptional regulation and chromatin remodeling (16 up-regulated vs. 9 down-regulated)
showed a similar amount of positively and negatively regulated genes (Table S2).

3 a. Overrepresented functions—In a complementary approach we mapped the group
of genes differentially expressed using the GOstat program (Beissbarth and Speed, 2004).

Again we found protein synthesis related functions as the most overrepresented functions
(P-value: 1.65e-11) (Table S3). Among them there are 41 ribosomal protein genes.

Four additional non-related terms were identified as significantly over-represented functions
(Table 1). The second term gene expression (P-value: 6.82e-05) included 102 genes, 41 of
which were already listed in protein synthesis. Of the remaining 61 genes, 32 were up
regulated and 29 were down regulated (Table 1). Within these 61 genes, if we limit the
search to the subset of GO hierarchy that contains the keyword chromatin, we found that the
most over-represented was the function establishment or maintenance of chromatin
architecture, with 14 genes (P-value: 0.0734). This group includes 8 up regulated genes
(Ttf1, Smarcd2, Trim28, Tspyl2, Nr3c1, Men1, Rbl2, and Hdac1) and 6 down regulated
genes (Atrx, Myst3, Hmga2, Nsbp1, Smarca5, Ezh2, and Gli2 (Table 1 and Table S4).
Within this group of genes we found 26 genes related to the keyword transcription factor
(Table S5).

The third overrepresented term Chromosome organization and biogenesis (P-value:
0.206) contains term functions related to chromatin modification and nucleosome assembly.
In this term there were 15 genes, of which 7 were already listed in gene expression term
(Smarcd2, Men1, Terf1, Suv39h1, Myst3, Ttf1, Hmga2). Of the other 8 genes, 3 were up
regulated (Hp1bp3, Gpx4, Smc1a) and 5 were down regulated (Nap1l4, Rec8, Nusap1,
Smc3, and Smc4).

The fourth overrepresented terms were regulation of anatomical structure
morphogenesis/cell shape/ epithelial cell development (P-value: 0.041, P-value: 0.041,
and P-value: 0.0739) with 8 genes. The last overrepresented term was response to
temperature stimulus (P-value: 0.0934) with 5 genes.

3 b. Differentiation and related functions—To identify genes that had been reported
in cell differentiation or connected processes (i.e. cell proliferation, cell division, cell cycle,
signaling and extracellular matrix), we used the online program Onto/Express
(http://vortex.cs.wayne.edu/projects.html). This program produced an output of 235 function
terms in our query of 199known genes (Table S6). The function terms related with
differentiation and related processes are listed in Table 2. We found 12 genes associated
with differentiation, 18 genes related to cell proliferation, cell division or cell cycle, 18
genes related to signaling terms and 9 genes related to extracellular matrix.

4. Experimental validation of microarray results
To validate results obtained with a robust statistical methodology (Material and Methods)
we selected four up regulated (Figure 2) and four down regulated genes (Figure 3), to test by
RT-PCR. We selected genes well characterized in decidualization and new genes, one of
them the most upregulated and the others connected with the function of chromatin
modification, which is a process of our interest. Three of these 8 genes, Fstl1 (Kaiser et al.,
1990), PrlR (Gu et al., 1996) and Gja1 (Grummer et al., 2004) have been previously
reported to be expressed during decidualization. The other five, Eef1a1, Ovgp1, Tspan5,
Myst3 and Suv39h1, have not been previously described in decidualized cells.
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The mean of fold changes in mRNAs hybridization after decidualization and their statistic
parameter FDR obtained from three independent experiments are shown in Figure 2a and 3a.
Representative spots for each gene are shown in Figure 2b and 3b. The Gja1 mRNA was not
significantly expressed at day 4, but a consistent decrease of their mRNA was observed at 6
days of culture (Figure 3d). Taken together, the results show that the changes observed for
these eight genes in the microarray analysis were confirmed by RT-PCR (Figure 2c and 3c),
supporting the reliability of the array data.

5. In vivo validation of gene expression changes during in vitro decidualization
To evaluate the physiological relevance of the gene expression changes observed during
UIII cell differentiation we have performed PCR studies on RNA from non-pregnant uterus
and decidual 8 d.p.c. rat tissues. For this study we selected seventeen genes that change
expression in differentiated UIII cells, including Cdsdc2 (68.4 fold), Trim27 (9.06 fold),
Ef-1 (7.27 fold), Fkbp4 (6.18 fold), Fstl1 (5.8 fold), Bmp1 (4.90 fold), Men1 (4.75 fold),
Aes (4.74 fold), Wt1 (4.10 fold), Gna12 (3.40 fold), Myst3 (0.54 fold), Suv39h1 (0.38
fold), Epim (0.24 fold) Ovpg1 (0.21); and 3β-HSD, Prl and desmin not included in the
array. Of the seventeen genes tested, seven are within the overrepresented GO term Gene
Expression and another seven are within the GO term Differentiation.

To study the in vivo changes of these genes we performed semiquantitative PCR analysis of
mRNA levels in rat decidua for Csdc2, Trim27, Fkbp4, Fstl1, Bmp1, Wt1, Aes, Gna12,
Myst3, Suv39h1, Epim, Ovpg1, 3β-HSD, and desmin are shown in Figure 4a and in Figure
S2. The up-regulation of Fkbp4 and downregulation of Myst3, Suv39h1, Epim and Ovgp1
found by the gene array in decidualized cells and verified by PCR was not seen in the 8dpc
decidua. In contrast, Fkbp4 is decreased and Myst3, Suv39h1, Epim and Ovpg1 are
increased in 8dpc decidual tissue. The results showed that the mRNAs of Csdc2, Trim27,
Eef1a1, Fstl1, Bmp1, Wt1, Aes, Gna12, Men1, 3β-HSD and desmin from 8dpc decidual
tissue behave as in decidualized UIII cells (Figure 4a and b). The quantitative analysis of
Men1 mRNA using real-time PCR also showed an increase of 2.06 ± 0.56 fold in decidual
tissue from 8 d.p.c. rat uterus as compared to non-pregnant uterus (Figure 4b). Thus, gene
expression data from whole decidua of 8 d.p.c. implantation sites exhibited similar changes
to those observed in decidualized UIII cells in eleven out of seventeen genes (65% of the
tested genes). These findings make the results of the UIII microarrays biologically
meaningful.

DISCUSSION
We find that UIII cells behave as a homogeneous population and that all cells express the
decidual marker protein desmin after 4 days of culture in the presence of DCC-FCS. This
makes UIII cells suitable for global gene expression analysis. We found similar
morphological changes as well as changes in the expression of other decidua-related genes
(Ccnd1, c-Myc, p21Cip/Kip1, Sod, Gpx, inhA/activinA, Fstl1, Gja1, PrlR, nPR, ERα, ERβ,
11̣β-HSD, 3β-HSD, mPRα, pgrm1, desmin) as previously reported during in vivo
decidualization (Sugino et al., 2006; Riesewijk et al., 2003; Jones et al., 2002; Kashiwagi et
al., 2007; Grummer et al., 2004; Tan et al., 2002). Moreover, we describe a set of new genes
that exhibit characteristic changes in expression as determined by cDNA arrays and
validated in physiological uterine decidua. The subset of genes validated includes Csdc2,
Trim27, Eef1a1, Fstl1, Bmp1, Wt1, Aes, Gna12, Men1, 3β-HSD and desmin. We therefore
assume that the values obtained by microarrays represent real changes in mRNA levels of
UIII. Another set of genes detected by microarrays and validated in in vitro samples, Myst3,
Suv39h1, Epim and Ovgp1, did not show a similar behavior in in vivo decidua. This
suggests that decidualization induced by steroid hormone deprived FCS with cultured
stromal cells may not precisely mimic the decidualization observed in uterus under the
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influence of ovarian hormones. This may be due to the absence of the hormonal stimuli or to
the lack of other cellular components present in the endometrium, such as epithelial cells
and infiltrating blood cells.

Regarding the physiological meaning of the decidualization protocol with DCC-FCS, which
is a media free of steroid hormones, we think that since EGF activates a crosstalk with
steroid hormone receptors in cells derived from human breast cancer (MCF-7) and human
prostate cancer (LNCaP) (Migliaccio et al., 2006), it is conceivable that EGF or other
growth factors acting through a similar pathway could be at work in serum induced
decidualization. Moreover, treatment with EGF further increases desmin expression in
presences of 10% DCC-FBS in UIII cells (Vallejo et al., unpublished data).

In addition to desmin, we have tested dPrl as a marker of decidualization to support the fact
that our model reproduces known changes involved in in vivo decidualization. While the
marker was expressed in decidua from 8dpc, we did not detect dPrl in UIII cells after 4 days
in culture with 10% DCC (data not shown). The expression of dPrl has been reported in
response to medroxyprogesterone acetate (MPA), but not in cells decidualized under
influence of progesterone and estradiol (Matsumoto, 2009). There is evidence that dPrl
appeared at later time points, in presence of FBS (Prigent-Tessier et al., 2001). As we are
interested in early changes in gene expression that may precede the appearance of dPrl we
have not studied the late stages of decidualization.

In the following we will briefly discuss some of the genes we found differentially expressed
in UIII cells cultured for 4 days in the presence of 10% DCC-FCS. We will start by genes
related to the overrepresented Gene Ontology (GO) terms protein synthesis that we will not
describe in detail, and gene expression that includes chromatin dynamics and transcription
factor activity. Then we will move on to more interesting genes related to differentiation or
similar processes (cell proliferation, cell cycle, cell division and embryogenesis), and
extracellular matrix, two processes strictly connected with decidualization. In each case we
will first mention the genes that have already been related to decidualization and continue to
discuss the genes for which this relationship has not been previously established.

Genes involved in protein synthesis
It has been reported that there are two periods of rapid RNA biosynthesis in the uterus
during early pregnancy (Heald and O’Grady, 1970), one on the 2nd day after pregnancy and
the other on the 4th day. The second increase in RNA synthesis coincides with the beginning
of the decidual differentiation of endometrial stromal cells. The significant
overrepresentation of genes that were encompassed in GO terms protein synthesis and gene
expression during in vitro decidualization of UIII cells correlates with the reported increase
in RNA synthesis in the in vivo differentiation of endometrial cells. In particular the increase
in mRNAs for ribosomal proteins and ribosome related factors, indicates a need for
increased protein synthesis that may well be connected to the increase in size of the decidual
cells and to their enhanced secretory activity. As the genes in this functional class have no
other specific functions, we will not discuss them any further.

Genes related to gene expression
This category includes 61 genes of which 14 are related to chromatin structure and dynamics
and 26 encode transcription factors. We will discuss below validated genes only, which were
selected because of the interest of their specific functions in decidualization. Only one of
them, Wt1, has been previously related to decidual differentiation (Makrigiannakis et al,
2001). The Wt1 gene is expressed in human endometrial stromal cells (ESCs). Its mRNA
and protein levels remain constant in the proliferative and secretory phase of the menstrual
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cycle. Wt1 mRNA and protein expression increases significantly in ESCs when these cells
differentiate into decidual cells. Here we found a similar increase of Wt1 during UIII
differentiation, possibly connected to the decrease of receptors for both IGF-I and II and
induced endometrial stromal arrest. Such restriction of IGF action is consistent with the
proposed role of decidualization- induced IGFBP-1 during ESC differentiation (Giudice et
al., 1992). Wt1 also suppresses growth factors encoding genes such as macrophage colony-
stimulating factor (M-CSF), and TGF-β1 (Harrington et al., 1993; Dey et al., 1994). In the
group of genes encompassing a differentiation function we found positive changes in other
protein that interact with M-CSF as negative regulator or macrophage differentiation, Thoc5
(THO complex 5, up 4.7 fold in decidualized cells over non-decidualized) (Tamura et al.,
1999). M-CSF provides critical regulation of prostaglanding production in human cultured
endometrial stromal cells (Wang et al., 2006) and its regulation could imply a modulation of
the activity M-CSF/prostaglandin cytokine axis in endometrial cells. The other six (Csdc2,
Trim27, Men1, Aes, Myst3 and Suv39h1) have not been previously described in
decidualization.

Csdc2—(Cold shock domain c2, up 68.4 fold), belongs to the so-called Y-box-proteins,
which form a highly conserved family of RNA binding proteins present in all organisms,
from bacteria to humans. The Y-box proteins exhibit single-stranded (ss) DNA and/or
ssRNA-binding activity. Several members of the family have been suggested to couple the
nuclear history of a transcript to its translational fate. Csdc2 is expressed at high levels in
brain cells and might be a good candidate to regulate the synthesis of specific proteins in
response to extracellular stimuli (Derrigo et al., 2000 ).

Trim27—(tripartite motif-containing 27, up 9.06-fold), contains a TRIM motif that includes
three zinc-binding domains, a RING, a B-box type 1 and a B-box type 2, and a coiled-coil
region. Trim27 localizes to the nuclear matrix and interacts with the enhancer of polycomb
that represses gene transcription. It is also thought to be involved in the differentiation of
male germ cells (Reymond et al., 2001).

Men1—(menin, up 4.8-fold) gene encodes a tumor suppressor protein associated with a
histone methyltransferase complex (Yokoyama et al., 2004). Men1 is localized in the
nucleus and inhibits transcriptional activation by JunD (Agarwal et al., 1999). Men1, is a
key epigenetic player as a tumor suppressor in cancer pathogenesis (Yokoyama et al., 2008)
and increases consistently in rat uterine decidual tissue.

Aes—(amino terminal enhancer of split, up 3.7-fold) encodes a protein with high homology
to the amino terminus of Drosophila enhancer of split groucho, a negative regulator of
transcription during neural differentiation (Paroush et al., 1994), and is involved in actin
filament organization to generate distinct cellular morphologies (Kiger et al., 2003). Aes like
Dbn1 (debrin) and Rhpn (Rhophilin, Rho GTPase binding protein 2) might be involved in
the actin cytoskeleton changes that accompany morphological changes observed during
decidualization.

Myst3—(MYST histone acetyltransferase 3, down 0.543-fold) is a histone acetyltransferase
involved in inhibition of the differentiation of M1 myeloid cells into monocytes/
macrophages (Kitabayashi et al., 2001) and Suv39h1 (suppressor of variegation 3–9
homolog 1 Drosophila, down 0.381-fold) is a histone-lysine N-methyltransferase involved in
gene silencing through chromatin modification in somatic cells (O’Carroll et al., 2000).
Suv39h1 had been reported to play an important role in the transition from proliferation to
differentiation of muscle cells, preventing gene expression trough interaction with MyoD
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(Mal, 2006). UIII decidualization is a suitable system to perform mechanistic studies on the
connection between chromatin modifiers and cell differentiation.

Genes related to cell differentiation
Of the 12 genes related to differentiation, Fkbp4 (Tranguch et al., 2005), Wt1
(Makrigiannakis et al., 2001) and PrlR (Gu et al., 1996) have been previously reported in
decidual cells. Wt1 has been discussed above in gene expression related genes. The other 9
genes in this class (Tspan5, Aes, Bmp1, Foxn4, Gna12, Thoc5, Epim, Ezh2, Dbn1) have not
been previously related to the decidualization process.

Bmp1—(Bone morphogenetic protein 1, up 4.9-fold) encodes a secreted astacin
metalloprotease that cleaves the COOH-propeptide of procollagen I, II and III. BMP1 plays
key roles in regulating the formation of the extracellular matrix, so BMP1 could play an
important role in matrix modification in the decidualization process (Suzuki et al., 1996).

Gna12—(Guanine nucleotide-binding protein alpha-12 subunit, up 3.4-fold), also known as
G12, encodes a member of a G12 subfamily of G heterotrimeric proteins. The activated
forms of G12 and G13 -G 12Q229L and G 13Q229L- were found to cause transformation of
fibroblasts, to activate the JNK pathway, to activate the serum response element, and to
regulate different isoforms of Na+H+ exchangers (Prasad et al., 1995). It has been
demonstrated that G13 plays a role in blood vessel development (Gu et al, 2002). Regulation
of Gna12 mRNA suggests that G12 might participate in the generation of new blood vessels
in uterine decidua.

Epim—(epimorphin, down 0.24-fold) encodes the morphogenic protein epimorhin that is
involved in cell sorting for branching, in mammary gland alveolar hyperplasia, in stem cell
patterning of reproductive tissues like ovarian and testis, and in remodeling processes
(Radisky et al., 2003; Von Schalburg et al., 2006). Epim increases slightly during the pre-
adhesion phase of implantation, diminishes during the post-adhesion phase, and gathers new
strength when outgrowth occurs. An active role for Epim has been proposed in the
outgrowth of blastocyst (Qin et al., 2005).

If the concept of differentiation is enlarged to include related terms such as cell proliferation,
cell division, cell cycle, signaling and extracellular matrix, we found another 35 genes
showing altered expression during decidualization of UIII cells. Only 4 of them -Col18a1
(Pollheimer et al., 2004), Il11ra (White et al., 2004; Li et al., 2008); S100a6 (Farnsworth et
al., 1998), Gja1 (Grummer et al., 2004) - have been previously reported in decidual cells.

Gja1—(Gap junction protein alpha 1, up 5-fold) encodes a component of gap junctions also
known as connexin-43, which is involved in cell-cell contacts. Connexin-43 is found in
heart, liver and peripheral nervous tissue and is enhanced during in vivo decidualization
(Grummer et al., 2004). Gja1 expression is reduced during decidualization of UIII cells,
suggesting that decidualization induced by steroid hormone deprived FCS may not be as
complete as observed in uterus under the influence of ovarian hormones. Underexpression of
Gja1 is also an early marker of breast cancer and seminoma development (Roger et al.,
2004) and its repression in UIII cells treated with DCC-FCS may have to do with the
enhanced cell proliferation in monolayer culture with reduced cell-cell contacts.

The other most regulated genes in this class, which have not been related to decidualization
nor validated, are Bag4 and Agt.
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Bag4—(Bcl2 associated atanogene 4/Silencer of death domains, up 54.2-fold) is a member
of the BAG1-related protein family with an anti-apoptotic role (Knee et al., 2001). Bag1 and
Bag4 are regulators of heat shock protein 70 kDa (Hsp70/Hsc70) family proteins that
interacts with steroid hormone receptors (Knee et al., 2001). Bag4 binds to the death domain
of Tumor necrosis factor receptor type 1 in the absence of TNF (Jiang et al., 1999). The high
increase in the expression of this gene during decidualization could provide a protection
against apoptosis during the implantation period.

The up-regulation of Agt (angiotensinogen, up 23.2-fold) during decidualization adds
evidence of a distinct renin-angiotensin-aldosterone system in the uterus with a multiplicity
of roles unrelated to its primary functions (Hassan et al., 2000).

Genes related to extracellular matrix remodeling
Our main focus was on identifying genes and mechanisms triggering differentiation rather
than on changes that result from differentiation, i.e. extracellular matrix remodeling.
However, changes in extracellular matrix were detected in our study. Among genes related
to extracellular matrix, Dcn (decorin, up 14.4-fold) (San Martin et al., 2003), Bgn
(biglycan, up 10.4-fold) (San Martin et al., 2003) and Fstl1 (Kaiser et al., 1990) have been
previously described as expressed in decidual cells and can be related to extracellular matrix
reorganization necessary during decidua development.

Fstl1—(follistatin like protein1, up 5.8-fold) encodes a protein like follistatin. Fstl1 binds
Activin A, antagonizes binding to its membrane receptor in decidual cells (Arai et al., 2003),
and thus interferes with Activin A promoted decidualization. Decidual cell secreted Activin-
A, Inhibin and Follistatin, orchestrate a sophisticated autocrine regulation of differenciation
(Kaiser et al., 1990). Increased expression of IGF and activin A neutralizing factors (i.e.,
HtrA1 and Fstl3) is higher in uterine decidua than in artificially induced deciduomata,
correlating with a reduction in the number of mitosis, tissue growth, and mitogenic signaling
(Kashiwagi et al. 2007). Since our objective was to develop a cell culture model for studying
the physiological decidual reaction, we did not compare in detail our microarray data from
UIII cells with pseudopregnant deciduomas. However, our results and those of Giudice’s
(Kao et al., 2002) support the notion that the follistatin-like protein family is induced during
decidualization independently of the presence of the implanting embryo.

CONCLUSIONS
The changes in expression of Fstl1, PrlR, Wt1, FKbp4, Col18a1, Gja1, 2Il11ra2, S100a6,
Dcn, and Bgn observed by microarray analysis are compatible with previously reported
findings during in vivo decidualization and Csdc2, Trim27, Eef1a1, Fstl1, Bmp1, Wt1, Aes,
Gna12, 3βHSD and desmin in vivo validated genes support the usefulness of the UIII cell
line as a cell culture model for studying the decidual reaction.

The observed changes in expression of genes not previously related to the decidual reaction
are of potential relevance. Changes in genes involved in epigenetic pathways and chromatin
remodeling point to the relevance of this level of gene regulation for the implementation of
the decidual reaction. The UIII cell culture model will allow mechanistic studies to define
the transcriptional network regulating reprogramming of stromal cells into decidual cells by
knockdown and Chip-on-chip experiments.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. UIII cells in vitro decidualization
UIII cells were plated in M199 supplemented with 10% DCC-FCS, and 24 hours later,
media was replaced by fresh M199 without serum. After two days in serum-free conditions
(day 0), cells were cultured in presence of 10% DCC-FCS for 7 days (day 7). a) UIII cells
were fixed and stained with Giemsa reagent and observed with a light microscope using a
10× objective. b) Number of total cells/well (line) and percentage of cells with decidual
morphology (bars) during 7 days of cultures show the kinetic of cell growth and cell
differentiation respectively. Data represent the media ± SEM of 3 independent experiments.
NS P>0.05, * P<0.05, ***P<0.001 vs. control (day 0). c) Quantification of desmin mRNA
by real-time PCR. Day 4 column shows fold up of desmin mRNA after 4 days in 10% DCC-
FCS relative to β-actin mRNA levels. Data represent the media ± SD of three independent
experiments with four independent measurements. ** P<0.01 vs. control (day 0). d)
Immunofluorescence of desmin protein expression. Day 0 and day 4 cells were fixed,
permeabilized and incubated with polyclonal Mouse anti-Desmin and 488 goat anti-Mouse
(green). Nucleus was stained with propidium iodide (red).
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Figure 2. Experimental Microarrays validation of up-regulated genes
UIII cells were cultured as it was described in Figure 1. After two days in serum-free
conditions (day 0, non-decidualized cells), cells were cultured in presence of 10% DCC-FCS
for 4 days (day 4, decidualized cells). Day 0 and day 4 cells were resuspended and RNA was
extracted for microarray and RT-PCR experiments. a) Table with microarray data of
selected genes. Genes up-regulated by at least a factor of 3 and FDR of 0.005 in
decidualized cells as compared to control cells were selected. b) Membrane scanning of
microarrays of selected genes. c) RT-PCR of selected genes at day 0 (non-decidualized
cells) and day 4 (decidualized cells).
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Figure 3. Experimental Microarrays validation of down-regulated genes
UIII cells were cultured as it was described in Figure 1. After two days in serum-free
conditions (day 0, non-decidualized cells), cells were cultured in presence of 10% DCC-FCS
for 4 days (day 4, decidualized cells). Day 0 and day 4 cells were resuspended and RNA was
extracted to microarray and RT-PCR experiments. a) Table with microarray data of selected
genes. Genes down-regulated by at least a factor of 3 and FDR of 0.005 in decidualized cells
as compared to control cells were selected. b) Membrane scanning of microarrays of
selected genes. c) RT-PCR of selected genes at day 0 (non-decidualized cells) and day 4
(decidualized cells). d) Gja1 RT-PCR six days kinetic expression.
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Figure 4. In vivo gene expression of genes found during in vitro UIII differentiation
a) Total RNA from non-pregnant uterus (np) and implantation sites from 8 d.p,c uterus (8
pdc) were extracted for RT-PCR. The figure shows ethidium bromide-stained gels of RT-
PCR products for: Cdsdc2, Trim27, Eef1a1, Fkbp4, Fstl1, Bmp1, Wt1, Aes, Gna12, Myst3,
Suv39h1, Epim, Ovpg1, β-HSD, desmin, Prl and GAPDH. Fold changes from microarray
data of selected genes are shown. ND: not determined. b) Quantitation of Men1 mRNA in
non-pregnant (np) and 8 d.p.c. in uterus. The figure shows fluorescence intensity pattern of
real time PCR products for Men1 from four independent samples of non-pregnant mRNA
(np), four independent samples of 8 d.p.c mRNA (8dpc) and two samples without template
(H2O). c) Table shows fold up of Men1mRNA from 8 d.p.c. over non-pregnant relative to
GAPDH mRNA levels. Data represent the media of four independent experiments.
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Table 1

Statistically overrepresented GO terms

Name
Gene
Symbol Fold FDR

Protein synthesis (see table S3 supp material)

Gene Expression

cold shock domain containing C2, RNA binding csdc2 68.37 0.007

transcription termination factor, RNA polymerase I ttf1 9.69 0.002

tripartite motif-containing 27 trim27 9.06 0.002

SWI/SNF related, matrix associated, actin dependent
regulator of chromatin, subfamily d, member 2 smarcd2 7.53 0.002

tripartite motif-containing 28 trim28 7.35 0.002

Testis-specific Y-encoded-like protein 2 tspyl2 6.26 0.002

heterogeneous nuclear ribonucleoprotein A1 hnrnpa1 6.10 0.002

forkhead box N4 foxn4 5.95 0.002

zinc finger protein 496 zkscan17 5.89 0.002

nuclear transcription factor Y, gamma nfyc 5.58 0.009

leucine rich repeat (in FLII) interacting protein 1 lrrfip1 5.41 0.009

transcription factor CP2-like 1 tcfcp2l1 5.37 0.007

far upstream element (FUSE) binding protein 3 fubp3 5.36 0.013

timeless homolog (Drosophila) timeless 5.17 0.009

cleavage stimulation factor, 3' pre-RNA, subunit 1, 50kDa cstf1 4.87 0.019

nuclear receptor subfamily 3, group C, member 1 nr3c1* 4.84 0.019

multiple endocrine neoplasia I men1 4.75 0.024

retinoblastoma-like 2 (p130) rbl2 4.69 0.019

cold shock domain protein A csda 4.39 0.025

heterogeneous nuclear ribonucleoprotein C (C1/C2) hnrnpc 4.22 0.025

Wilms tumor 1 wt1 4.10 0.019

mitochondrial ribosomal protein L44 mrpl44 4.06 0.023

basic transcription factor 3 btf3 3.79 0.024

amino-terminal enhancer of split ( aes 3.74 0.042

telomeric repeat binding factor (NIMA-interacting) 1 terf1 3.51 0.023

histone deacetylase 1 hdac1 3.46 0.033

TGFbeta-stimulated clone-22 domain family, member 1 tsc22d1 3.42 0.039

chromatin assembly factor 1, subunit B (p60) chaf1b 3.26 0.043

bromodomain containing 7 brd7 3.24 0.043

zinc finger protein 592 zfp592 3.21 0.045

adenosine deaminase, RNA-specific, B1 (RED1 homolog rat) adarb1 3.19 0.043

NHP2 non-histone chromosome protein 2-like 1 (S.
cerevisiae) nhp2l1 3.16 0.043

small nuclear ribonucleoprotein polypeptide E snrpe 0.58 0.050

tetratricopeptide repeat, ankyrin repeat and coiled-coil
containing 2 tanc2 0.58 0.042

homeodomain interacting protein kinase 1 hipk1 0.55 0.038
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Name
Gene
Symbol Fold FDR

alpha thalassemia/mental retardation syndrome X-linked,
ATP-dependent helicase

Atrx 0.55 0.034

MYST histone acetyltransferase (monocytic leukemia) 3 myst3 0.54 0.038

TAF9B RNA polymerase II, TATA box binding protein (TBP)-
associated factor, 31kDa taf9b

0.54 0.038

high mobility group AT-hook 2 hmga2 0.53 0.038

polymerase (RNA) III (DNA directed) polypeptide G (32kD) polr3g 0.53 0.038

TAF6 RNA polymerase II, TATA box binding protein (TBP)-
associated factor, 80kDa taf6

0.51 0.039

ankyrin repeat domain 10 ankrd10 0.46 0.009

FIP1 like 1 (S. cerevisiae) fip1l1 0.45 0.034

down-regulator of transcription 1, TBP-binding (negative
cofactor 2) dr1

0.44 0.013

PRP31 pre-mRNA processing factor 31 homolog (S.
cerevisiae) prpf31

0.43 0.013

homeobox B3 hoxb3 0.42 0.021

activating transcription factor 4 (tax-responsive enhancer
element B67) atf4

0.42 0.002

nucleosomal binding protein 1 nsbp1 0.41 0.013

SWI/SNF related, matrix associated, actin dependent
regulator of chromatin, subfamily a, member 5 smarca5

0.39 0.007

suppressor of variegation 3–9 homolog 1 (Drosophila) suv39h1 0.38 0.002

TFS2-M domain-containing protein 1
a630018
p17rik

0.37 0.002

polymerase (RNA) III (DNA directed) polypeptide B polr3b 0.36 0.046

HLA-B associated transcript 1 bat1a 0.35 0.002

RNA binding motif protein 39 rbm39 0.35 0.002

excision repair cross-complementing rodent repair deficiency,
complementation group 3 (xeroderma pigmentosum group B
complementing) ercc3

0.35 0.002

retinoid X receptor, beta rxrb 0.33 0.002

enhancer of zeste homolog 2 ezh2 0.31 0.002

GLI-Kruppel family member GLI2 gli2 0.31 0.002

zfpl10 0.30 0.002

zinc finger protein 367 zfp367 0.18 0.002

zinc finger with KRAB and SCAN domains 1 zkscan1 0.12 0.002

Chromosome organization and biogenesis

heterochromatin protein 1, binding protein 3 hp1bp3 5.98 0.002

glutathione peroxidase 4 (phospholipid hydroperoxidase) gpx4* 4.35 0.024

Structural maintenance of chromosomes 1A smc1a 3.75 0.024

nucleosome assembly protein 1-like 4 nap1l4 0.51 0.034

REC8 homolog (yeast)) Rec8 0.48 0.034

nucleolar and spindle associated protein 1 nusap1 0.37 0.002

Structural maintenance of chromosomes 3 Smc3 0.32 0.002

Structural maintenance of chromosomes 4 Smc4 0.27 0.002

Regulation of anatomical structure morphogenesis/cell
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Name
Gene
Symbol Fold FDR

shape/epithelial cell development

shroom family member 3 shroom3 8.51 0.002

dynein, light chain, LC8-type 1 dynll1 4.62 0.031

guanine nucleotide binding protein (G protein), alpha 13 gna13 3.51 0.023

guanine nucleotide binding protein (G protein) alpha 12 gna12 3.41 0.045

craniofacial development protein 1 cfdp1 0.35 0.002

gap junction protein, beta 3, 31kDa gja1* 0.21 0.002

Response to temperature stimulus

angiotensinogen (serpin peptidase inhibitor, clade A, member
8) agt* 23.24 0.002

heat shock 70kDa protein 8 hspa8 5.55 0.009

Crystalline, alpha B cryab 4.85 0.009

heat shock protein 90kDa alpha (cytosolic), class B member 1
hsp90ab
1 3.11 0.046

Latexin lxn 0.54 0.039

Functional gene categories were obtained using GOstat program over a subset of differentially expressed genes (≥ 3 fold and ≤ 0.5 fold, FDR >
0.005) derived from microarray analyses. Protein synthesis, Gene espression, Chromosome organization, regulation of anatomical structure
morphogenesis/cell shape/epithelial cell development and response to temperature stimulus were the most representative GO terms. (P-Value
Cutoff: 0.1; GO-Cluster Cutoff: -1; Correct Method: Benjamini). Genes in two terms were listed in the category with the highest P-value).
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Table 2

Differentiation and related function terms

Term function Gene Name
Gene
Symbol Fold FDR

1. Differentiation

Tetraspanin 5 Tspan5 48.70 0.002

Fk506-binding protein 52 Fkbp4* 6.20 0.009

Forkhead box N4 Foxn4 5.90 0.009

Bone morphogenetic protein 1 Bmp1 4.90 0.009

THO complex 5 Thoc5 4.70 0.023

Wilms tumor homolog 1 Wt1 4.10 0.046

Amino terminus of drosophila enhancer of split
groucho Aes 3.70 0.024

Guanine nucleotide-binding protein alpha-12 subunit Gna12 3.40 0.002

Prolactin receptor PrlR 3.20 0.043

Epimorphin Epim 0.24 0.002

Enhancer of zeste homolog 2 Ezh2 0.31 0.002

Drebrin 1 Dbn1 0.52 0.003

2.Cell proliferation, cell division or cell cycle (excluding those above or in Table 2)

Bcl2 associated atanogene 4/Silencer of death domains Bag4/SODD 54.20 0.003

Angiotensin-1 Agt 23.20 0.003

S100 calcium-binding protein A6 (calcyclin) S100a6* 10.60 0.003

CDC28 protein kinase regulatory subunit 1B Cks1b 6.70 0.009

TSPY-like 2 Tspyl2 6.30 0.025

Interferon induced transmembrane protein 3 Ifitm3 5.60 0.009

Heat shock 70kDa protein 8 Hspa8 5.60 0.009

Timeless homolog (Drosophila) Timeless 5.30 0.009

Retinoblastoma-like 2 (p130) Rbl2 4.70 0.020

cyclin Y Ccny 3.70 0.019

Ribosomal protein S27 (Wdr79) Rps27 3.60 0.003

Telomeric repeat binding factor (NIMA-interacting) 1 Terf1 3.50 0.002

Inhibitor of growth family member 4 Ing4 3.20 0.040

integral membrane protein 2B Itn2b 6.80 0.003

clusterin Clu 5.10 0.009

DNA fragmentation factor, 40kDa, beta polypeptide
(caspase-activated Dnase) Dffb 0.20 0.003

GLI-Kruppel family member GLI2 Gli2 0.31 0.003

craniofacial development protein 1 Cfdp1 0.35 0.003

Growth arrest-specific 1 Gas1 0.40 0.007

ubiquitin-activating enzyme E1C Ube1c 0.40 0.009

Collagen, type XVIII, alpha 1 Col18a1* 0.56 0.043

Transformation related protein 53 binding protein 2 Trp53bp2 0.56 0.043

3. Cell communication, signaling, kinase (excluding those above or in Table 2)
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Term function Gene Name
Gene
Symbol Fold FDR

Rhophilin, Rho GTPase binding protein 2 Rhpn2 25.90 0.025

Protein tyrosine phosphatase, receptor type, F Ptprf 12.00 0.003

Protein tyrosine phosphatase, non-receptor type 6 Ptpn6 6.30 0.002

Dickkopf homolog 3 Dkk3 5.60 0.046

Dual specificity phosphatase 16 Dusp16 5.60 0.009

Signal peptidase complex subunit 2 homolog Spcs2 4.70 0.023

Interleukin 11 receptor, alpha chain 2 Il11ra2* 3.50 0.030

Phosphoinositide-3-kinase, class 2, alpha
polypeptide, Pik3c2a 0.13 0.002

Ankyrin repeat and SOCS box-containing 13 Asb13 0.15 0.003

Zinc finger, AN1-type domain 6 Zfand6 0.19 0.002

Gap junction protein, alpha 1, Gja1* 0.21 0.002

Guanine nucleotide binding protein beta polypeptide
2-like1 Gnb2l1 0.55 0.038

4. Extracellular matrix

decorin dcn* 14.50 0.019

biglycan bgn* 10.40 0.003

matrilin 2 matn2 7.83 0.003

follistatin-like 1 fstl1* 5.80 0.034

ADAM metallopeptidase with thrombospondin type 1
motif, 19 adamts19 0.26 0.000

collagen, type III, alpha 1 col3a1 0.29 0.003

glycosylphosphatidylinositol specific phospholipase
D1 gpld1 0.45 0.034

Functional gene categories were obtained using Onto-express program over Up and Down differentially expressed gene (≥ 3 fold and ≤ 0.5 fold,
FDR > 0.005) derived from microarray analyses.

*
Reported in decidualization processes.
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