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Abstract Runx1 transcription factor is a key developmental
regulator. However, little is known about the effects of Runx1
on embryo implantation and decidualization. The aim of this
study is to examine the expression and regulation of Runx1 in
mouse uterus during the peri-implantation period. There was
no evident Runx1 mRNA signal on days 1–4 of pregnancy.
On day 5 of pregnancy, Runx1 mRNAwas mainly localized
in the subluminal stroma surrounding the implanting blasto-
cyst. A similar result was observed in the estrogen-activated
implantation uterus. Simultaneously, a high level of Runx1
mRNA expression was detected on days 6–8 of pregnancy
and under artificial decidualization. 8-Br-cAMP could induce
the expression of Runx1 mRNA in the uterine stromal cells.
Moreover, the induction was obviously blocked by PKA in-
hibitor H89. Inhibition of Runx1 with specific siRNA could
decrease the proliferation of stromal cells and expression of
decidual markers Prl8a2 and Prl3c1 in the uterine stromal
cells. Further study found that inhibition of Runx1 could also
suppress the expression of Cox-2, mPGES-1 and Mmp2
genes in uterine stromal cells. Estrogen and progesterone
could induce the expression of Runx1 mRNA in ovariecto-
mized mouse uterus and uterine stromal cells. Taken together,
these data suggest that Runx1 may play an important role
during mouse decidualization.
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Introduction

The runt-related transcription factor (Runx) family, also
known as acute myeloid leukaemia (Aml), core-binding
factor-α (Cbfα) and polyoma enhancer-binding protein-2α
(Pebp2α), is a crucial transcription factor that is involved in
cellular proliferation, differentiation and apoptosis (Blyth
et al. 2005; Kilbey et al. 2010; Chuang et al. 2013). In mam-
mals, there are three Runx family members: Runx1
(Aml1/Cbfα2/Pebp2αB), Runx2 (Aml3/Cbfα1/Pebp2αA)
and Runx3 (Aml3/Cbfα1/Pebp2αC). They share a highly
conserved runt domain that is responsible for DNA binding
and heterodimerization with core-binding factor β (Cbfβ)
(Blyth et al. 2005; Chimge and Frenkel 2013; Ozaki
et al. 2013). All Runx proteins bind to the specific DNA
consensus sequences (ACCACA) to either activate or re-
press gene transcription by forming heterodimers with
Cbfβ, which can enhance the DNA-binding activity of
Runx and stabilize the heterodimeric complex by
preventing ubiquitin-dependent degradation (Blyth et al.
2005; Kitoh et al. 2009; Klunker et al. 2009; Kim et al.
2014; Wu et al. 2014).

Despite their structural similarity, the evidence from gene
knockout mice showed that Runx members possessed distinct
physiological functions during mammalian development
(Blyth et al. 2005). Runx1-deficient mice displayed a major
defect in hematopoiesis while Runx2 knockout resulted in
lack of osteogenesis (Okuda et al. 1996; Komori et al. 1997;
Otto et al. 1997). Runx3 has been shown to play a role in
thymogenesis, neurogenesis and gastrointestinal development
(Levanon and Groner 2004; Chimge and Frenkel 2013; Kim
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et al. 2014). Subsequent studies revealed that Runx genes
were closely related to female reproduction. In Runx3 knock-
out mouse ovaries, the numbers of primary, preantral and an-
tral follicles were significantly reduced and corpora lutea were
not observed (Sakuma et al. 2008; Blyth et al. 2010). Our
previous study demonstrated that Runx3 might be essential
for mouse embryo implantation and decidualization (Bai
et al. 2013). Runx1 and Runx2 were expressed in Mullerian
ducts, which were the rudimentary structure that ultimately
formed the uterine tubes, uterus, cervix and upper part of the
vagina (Blyth et al. 2010). Further studies found that Runx1
was also documented to be highly expressed in cumulus–oo-
cyte complexes and granulosa cells of periovulatory follicles
(Jo and Curry 2006; Liu et al. 2009). However, little is known
about the expression and regulation of Runx1 inmouse uterus.
According to our (unpublished) microarray data, Runx1 was
highly expressed in day 8 decidua and deciduoma under arti-
ficial decidualization compared with the untreated uterine
horn. Thus, this study was undertaken to investigate the ex-
pression and regulation of the Runx1 gene in mouse uterus
during the peri-implantation period.

Materials and methods

Animal

Matured mice (Kunming White strain) were caged in a con-
trolled environment with a cycle of 14 L:10 D. All animal
procedures were approved by the Institutional Animal Care
and Use Committee of Jilin University. To confirm reproduc-
ibility of results, at least three mice per group were used in
each stage or treatment in this study.

Pregnancy and pseudopregnancy

Adult female mice were mated with fertile or vasectomized
males of the same strain to induce pregnancy or pseudopreg-
nancy by cocaging, respectively (day 1=day of vaginal plug).
On days 1–4, pregnancy was confirmed by recovering embry-
os from the oviducts or uterus. The implantation sites on day 5
were identified by intravenous injection of 0.1 ml of 1 %
Chicago blue (Sigma, St. Louis, MO, USA).

Delayed implantation and activation

To induce delayed implantation, pregnant mice were
ovariectomized under ether anesthesia at 0830–
0900 hours on day 4 of pregnancy. Progesterone
(1 mg/mouse; Sigma) was injected subcutaneously to
maintain delayed implantation from days 5 to 7. Estro-
gen (25 ng/mouse; Sigma) was given to progesterone-
primed delayed-implantation mice to activate blastocyst

implantation. The mice were sacrificed to collect uteri
24 h after estrogen treatment. The implantation sites
were identified by intravenous injection of Chicago blue
solution. Delayed implantation was confirmed by flush-
ing the blastocysts from the uterus.

Artificial induced decidualization

Artificial decidualization was induced by intraluminally
infusing 25 μl sesame oil into one uterine horn on day
4 of pseudopregnancy, while the contralateral uninjected
horn served as a control. The uteri were collected on
day 8 of pseudopregnancy. Decidualization was con-
firmed by weighing the uterine horn and by histological
examination of uterine sections.

Steroid hormonal treatments

Mature female mice were ovariectomized and, after 2 weeks,
given a single sc injection of estrogen (100 ng/mouse) or
progesterone (2 mg/mouse). Uteri were then collected at 1,
3, 6, 12 and 24 h after steroid treatment. All steroids were
dissolved in sesame oil and injected subcutaneously. Controls
received the vehicle only (0.1 ml/mouse).

Uterine stromal cells from day 4 of pregnancy were isolat-
ed and cultured as previously described (Tian et al. 2013).
Cultured stromal cells were also treated with 100 nM of pro-
gesterone or 0.1 nM of estrogen, respectively. Then cells were
collected at 1, 3, 6, 12 and 24 h for further quantitative anal-
ysis by real-time PCR. All steroids were dissolved in ethanol.
Controls received the vehicle only.

In situ hybridization

Total RNAs from the mouse uteri were reverse-
transcribed and amplified with Runx1 primers. Runx1
forward primer 5′- CCTTGAACCACTCCACTGCC and
reverse primer 5′- GACGGCAGAGTAG GGAACTG
were designed according to the Mus musculus runt-
related transcription factor 1 gene (Genbank accession
number: NM_001111021). The amplified fragment
(268 bp) of Runx1 was cloned into pGEM-T plasmid
(pGEM-T Vector System 1; Promega, Madison, WI,
USA) and verified by sequencing. Runx1-containing
plasmid was amplified with the primers for T7 and
SP6 to prepare templates for labeling. Digoxigenin
(DIG)-labeled antisense and sense cRNA probes were
transcribed in vitro using a DIG RNA labeling kit
(Roche Diagnostics, Mannheim, Germany).

Frozen sect ions (10 μm) were mounted on 3-
aminopropyltriethoxy-silane (Sigma)-coated slides and fixed
in 4 % paraformaldehyde solution in PBS. Hybridization was
performed as described previously (Tian et al. 2013). Sections
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were counterstained with 1 % methyl green in 0.12 M glacial
acetic acid. The sense probe was also hybridized and served as
a negative control. There was no detectable signal from sense
probes.

Real-time PCR

Total RNAs from mouse uteri or cultured cells were iso-
lated using TRIPURE reagent according to the manufac-
turer’s instructions (Roche) and reverse-transcribed into
cDNA using M-MLV reverse-transcriptase (Promega). Re-
verse transcriptase was performed at 42 °C for 60 min
with 2 μg total RNA in 25 μl volume. For real-time
PCR, cDNA was amplified using FS Universal SYBR
Green Real Master (Roche) on the BIO-RAD CFX96TM
Real Time Detection System. The conditions used for
real-time PCR were as follows: 95 °C for 3 min, followed
by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. All
reactions were run in triplicate. The results were analyzed
using CFX Manager Software. After analysis using the
2-ΔΔCt method, data were normalized to Gapdh

expression. Primer sequences for real-time PCR are listed
in Table 1.

RNA interference

The small-interfering RNA (siRNA) duplexes for
targeting Runx1 as well as a scrambled sequence (con-
trol siRNA duplex, negative control) were synthesized
by GenePharma. The sequences were shown as follows:
Runx1 siRNA 1 sense: 5′- CCGCCGCUUCACGCCG
CCUUCTT, antisense: 5′-GAAGGCGGCGUGAAGCGG
CGGTT; nonspecific scrambled siRNA (negative con-
trol) sense: 5′- UUCUCCGAACGUGUCACGUTT, anti-
sense: 5′- ACGUGACACGUUCGGAGAATT. Transfec-
tions for siRNA were performed according to the Lipo-
fectamine 2000 protocol.

Cell proliferation

Proliferation assays were performed using MTS reagent
(Promega) according to the manufacturer’s directions. Uterine

Table 1 Primers for real-time
PCR Gene Primer sequence Accession number Size

Runt-related transcription
factor 1 (Runx1)

TGGCAGGCAA
CGATGAAAAC

NM_001111021 165 bp

GCAACTTGTGG
CGGATTTGT

Prolactin family 8, subfamily
a, member 2 (Prl8a2)

AGCCAGAAATC
ACTGCCACT

NM_010088 119 bp

TGATCCATGCA
CCCATAAAA

Prolactin family 3, subfamily
c, member 1 (Prl3c1)

GCCACACGATA
TGACCGGAA

NM_001163218 162 bp

GGTTTGGCACA
TCTTGGTGTT

Cyclooxygenase-2 (Cox-2) CATCCCCTTCC
TGCGAAGTT

NM_011198 178 bp

CATGGGAGTTG
GGCAGTCAT

Microsomal prostaglandin E
synthase 1 (mPGES-1)

TCCTCGGCTTC
GTGTACTCA

NM_022415 157 bp

GAGAACTGGGCC
AGGACATAG

Matrix metallopeptidase 2 (Mmp2) GGATACCCCAA
GCCACTGAC

NM_008610 212 bp

ACGACGGCAT
CCAGGTTATC

Matrix metallopeptidase 9 (Mmp9) GCACCTCCCA
CTATGTGTCC

NM_013599 209 bp

CAAGGATTGT
CTGCCGGACT

Glyceraldehyde-3-phosphate
dehydrogenase (Gapdh)

GCCTTCCGTG
TTCCTACCC

NM_008084 102 bp

TGCCTGCTTC
ACCACCTTC
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stromal cells were seeded at a density of 1×105/well in 96-
well plates and cultured in the DMEM/F12 medium contain-
ing 2 % heat-inactivated FBS. After transfection with Runx1
siRNA, the stromal cells were cultured for 48 h. Finally, 20 μl
MTS reagent was added to each well and incubated for 4 h.
Absorbance was measured at 490 nm using a 96-well plate
reader. Every experiment was performed in triplicate.

Statistics

All the experiments were independently repeated at least three
times. The significance of difference was analyzed by one-
way ANOVA or Independent-Samples t Test using the SPSS
software program (SPS, Chicago, IL, USA). The differences
were considered significant at P<0.05.

Results

Runx1 mRNA expression during early pregnancy

In situ hybridization was performed to examine the spatial
distribution of Runx1 mRNA in mouse uterus. From days 1
to 4 of pregnancy, there was no obvious Runx1 mRNA signal
in the uteri (Fig. 1b). On day 5 of pregnancy when the blas-
tocyst implanted, a specific Runx1mRNA signal was detected
in the subluminal stroma surrounding the implanting blasto-
cyst at implantation site (Fig. 1c). On days 6–8 of pregnancy,
Runx1 mRNA was expressed in decidualized cells and its
expression was increased with the development of decidua
(Fig. 1d–f). In addition, Runx1 mRNA signal was also detect-
ed in the embryos on day 8 of pregnancy by in situ hybridi-
zation (Fig. 1f). To quantify Runx1 mRNA expression, real-

Fig. 1 In situ hybridization of
Runx1 expression in mouse uteri
during early pregnancy on days 4
(b), 5 (c), 6 (d), 7 (e) and 8 (f). No
hybridization signals were seen in
the mouse uterus on day 8 of
pregnancy when a DIG-labeled
Runx1 sense probe was used to
replace the antisense probe as a
negative control (a). D stands for
day of pregnancy. Asterisks
indicate embryo. Bar60 μm
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time PCR was performed. The result showed that Runx1
mRNA expression gradually increased from days 3 to 8 of
pregnancy and reached a peak on day 8 (Fig. 2).

Runx1 mRNA expression during pseudopregnancy

By in situ hybridization, no evident Runx1 mRNA signal was
observed in the uteri from days 1 to 5 of pseudopregnancy
(Fig. 3a, b). However, real-time PCR results showed that a
significantly higher level of Runx1 expression was detected
on day 2 of pseudopregnancy, although Runx1 expression
was seen from days 1 to 5 (Fig. 4a).

Runx1 mRNA expression during delayed implantation
and activation

In the progesterone-primed delayed implantation uterus,
Runx1 was located in the luminal and glandular epithelium,
whereas no expression was observed in the stromal cells
(Fig. 3c). After delayed implantation was terminated by estro-
gen treatment and the blastocyst implanted, Runx1 mRNA
signal was detected in the subluminal stromal cells surround-
ing the implanting blastocyst (Fig. 3d). Real-time PCR anal-
ysis showed that there was no significant difference in Runx1
mRNA expression between the activated and delayed implan-
tation uterus (Fig. 4b).

Runx1 mRNA expression under artificial decidualization

Runx1 mRNA signal was obviously detected in the
decidualized cells when decidualization was induced in the
uterine horn by injecting sesame oil into the uterine lumen,
whereas it was barely found in the uninjected control uterus

(Fig. 3e, f). Likewise, a significantly higher level of Runx1
expression was observed in the decidualized uterus compared
with the control uterus by real-time PCR (Fig. 4c).

Regulatory effects of cAMP andH89 on Runx1 expression

It has been demonstrated that initiation of the decidual process
is dependent on increased intracellular cAMP levels and
sustained activation of the protein kinase A (PKA) pathway
(Gellersen and Brosens 2003). Here, we tested the effects of
cAMP analog 8-bromoadenosine-cAMP (8-Br-cAMP,
500 μM) and PKA inhibitor H89 (10 μM) on Runx1 expres-
sion in cultured uterine stromal cells. The results showed that
8-Br-cAMP could significantly induce the expression of
Runx1 at 3 h (Fig. 5a). As expected, the induction effect of
8-Br-cAMP on Runx1 expression was obviously blocked by
PKA inhibitor H89 (Fig. 5b).

Steroid hormonal regulation of Runx1 expression

To clarify the role of steroid hormones in Runx1 expression,
ovariectomized mice were given a single inection of oil (con-
trol), estrogen, or progesterone and then Runx1 mRNA ex-
pression was examined in the uteri by in situ hybridization and
real-time PCR. In situ hybridization results revealed that nei-
ther estrogen nor progesterone affected the expression of
Runx1 (data not shown). Real-time PCR results showed that
elevated expression levels of Runx1 were observed in the uteri
of ovariectomized mice with a time-dependent increase after
injection of progesterone (Fig. 6b). Similarly, Runx1 expres-
sion was significantly enhanced in the uteri of ovariectomized
mice after injection of estrogen and reached the highest level
at 3 h (Fig. 6a). In the in vitro cultured stromal cells, proges-
terone treatment resulted in an increase of the Runx1 mRNA
level at 12 and 24 h (Fig. 6d). Likewise, estrogen could also
induce the expression of Runx1 mRNA at 3 h (Fig. 6c).

Effects of Runx1 on decidualization

Because Runx1 was highly expressed in the decidualized
cells, we hypothesized that Runx1 might be essential for
decidualization. Stromal cell proliferation was the first step
of decidualization. To determine the effects of Runx1 on stro-
mal cell proliferation, we treated the uterine stromal cells with
specific Runx1 siRNA, which efficiently suppressed the ex-
pression level of Runx1 mRNA (Fig. 7a). After transfection
with Runx1 siRNA, proliferation activity of stromal cells was
dramatically inhibited (Fig. 7b). To further study the function
of Runx1 on decidualization, we also examined the effects of
Runx1 on the expression of prolactin family 8, subfamily a,
member 2 (Prl8a2) and prolactin family 3, subfamily c, mem-
ber 1 (Prl3c1), which were two well-known markers for
decidualization in mice. The results demonstrated that Runx1

Fig. 2 Real-time PCR analysis of Runx1 expression in mouse uterus on
days 1–8 during pregnancy. Data are shown mean±SEM. Asterisks
denote significance (P<0.05)
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knockdown could notably inhibit the expression of Prl8a2 and
Prl3c1 genes in the uterine stromal cells (Fig. 7c, d).

Regulation of Runx1 on Cox-2, mPGES-1, Mmp2
and Mmp9 expression

Because decidualization was involved in the uterine extracel-
lular matrix remodeling and angiogenesis (McConaha et al.
2011), we investigated the effects of Runx1 on the expression
of cyclooxygenase-2 (Cox-2), microsomal prostaglandin E
synthase 1 (mPGES-1), matrix metallopeptidase 2 (Mmp2)
and Mmp9. The results showed that inhibition of Runx1 with
specific Runx1 siRNA could suppress the expression of Cox-
2, mPGES-1 and Mmp2 genes in the cultured stromal cells,
whereas had no obvious change on the expression of the
Mmp9 gene (Fig. 8a–d).

Discussion

Runx1 transcription factor is a key regulator involved in nor-
mal development. However, the implication of Runx1 in the
process of embryo implantation and decidualization is current-
ly unknown. The present study aimed to investigate the ex-
pression and regulation of Runx1 in mouse uterus during the
peri-implantation period. Our results showed that Runx1
mRNA was expressed in the subluminal stromal cells sur-
rounding the implanting blastocyst on day 5 of pregnancy
but not in the uterus on day 5 of pseudopregnancy. A similar
expression pattern was also observed in the estrogen-activated
implantation sites rather than in the progesterone-primed de-
layed implantation uterus. These results suggest that Runx1
may be important for mouse embryo implantation and is in-
fluenced by the active blastocyst. However, the majority of

Fig. 3 In situ hybridization of
Runx1 expression in mouse uteri.
a Day 3 of pseudopregnancy
(PD3). b Day 5 of
pseudopregnancy (PD5). c
Delayed implantation (Delay). d
Activation of delayed
implantation by estrogen
(Activation). e Uninjected uterine
horn of control (Control). f
Uterine horn under artificial
decidualization (Decidualization)
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Runx1-deficient embryos were viable at embryonic day 11.5
(E11.5), while very few Runx1-deficient embryos were found

alive at E12.5 (Okuda et al. 1996). In the meantime, uterine-
specific deletion of the Runx1 gene in mice led to embryonic
lethality on days 10–12 of pregnancy due to severe hemor-
rhage and embryo resorption (Athilakshmi et al. 2011). These
results imply that Runx1 may be dispensable for mouse em-
bryo implantation.

In response to implantation, the uterine stromal cells sur-
rounding the implantation embryo initiate the extensive pro-
liferation and subsequent differentiation into polyploidy de-
cidual cells (Zhang et al. 2013). Once decidualization is im-
paired, it will induce embryonic lethality and spontaneous
abortion, thereby resulting in pregnancy failure (Shao et al.
2013). The present results found that Runx1 mRNAwas high-
ly expressed in the decidualized cells on days 6–8 of pregnan-
cy and under artificial decidualization. Previous studies have
evidenced that injection of sesame oil resulted in an increase
in uterine cAMP level, which could induce and regulate the
decidualization of uterine stromal cells (Rankin et al. 1977;
Gellersen and Brosens 2003). In the uterine stromal cells,

Fig. 4 Real-time PCR analysis of Runx1 expression in mouse uteri. a
Real-time PCR analysis of Runx1 expression in mouse uterus on days 1–
5 of pseudopregnancy. b Real-time PCR analysis of Runx1 expression in
mouse uterus during delayed implantation and activation. c Real-time
PCR analysis of Runx1 expression under artificial decidualization

Fig. 5 Effects of 8-Br-cAMP and H89 on Runx1 expression in the uter-
ine stromal cells. a Runx1 expression in the uterine stromal cells after 8-
Br-cAMP treatment. b Runx1 expression after stromal cells were treated
with 8-Br-cAMP, or both 8-Br-cAMP and H89
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cAMP analog 8-Br-cAMP induced the expression of Runx1.
As a ubiquitous second messenger molecule, cAMP can acti-
vate the PKA signal transduction pathway (Gellersen and
Brosens 2003). Thus, PKA inhibitor H89 suppressed the in-
duction effect of 8-Br-cAMP on Runx1 expression in the

stromal cells. Taken together, these results suggest that Runx1
may be crucial for decidualization. Runx1 knockdown could
remarkably decrease the proliferation of stromal cells and ex-
pression of decidual markers Prl8a2 and Prl3c1 in the uterine
stromal cells, which verified the effects of Runx1 on mouse

Fig. 6 Hormonal regulation of
Runx1 expression. a Real-time
PCR analysis of Runx1
expression in ovariectomized
mouse uterus after estrogen
treatments for 1, 3, 6, 12 and 24 h.
b Runx1 expression in
ovariectomized mouse uterus
after injection of progesterone. c
Runx1 expression in uterine
stromal cells after estrogen
treatments for 1, 3, 6, 12 and 24 h.
d Runx1 expression in uterine
stromal cells after progesterone
treatments for 1, 3, 6, 12 and 24 h

Fig. 7 Effects of Runx1 on
decidualization. a Effects of
Runx1 siRNA on Runx1 mRNA
expression in uterine stromal
cells. After transfection with
control siRNA or Runx1 siRNA,
Runx1 mRNA expression was
determined by real-time PCR. b
Effects of Runx1 siRNA on the
proliferation of uterine stromal
cells. Stromal cells after
transfection Runx1 siRNAwere
analyzed by MTS assay. c Effects
of Runx1 siRNA on Prl8a2
expression. d Effects of Runx1
siRNA on Prl3c1 expression
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decidualization. Further analysis revealed that compromised
decidualization was also observed in Runx1 conditional
knockout mice (Athilakshmi et al. 2011).

Angiogenesis was crucial for decidualization due to the fact
that administration of AGM-1470 (a nonspecific angiogenesis
inhibitor) to pregnant mice caused an impaired decidualization
(Klauber et al. 1997). Cumulative evidence showed that Cox-2
was a key regulator of uterine angiogenesis during
decidualization (Dey et al. 2004). In Cox-2-deficient mice,
one cause of decidualization failure was the deregulated vascu-
lar events (Dey et al. 2004). The present results evidenced that
Runx1 might modulate the expression of Cox-2 in the uterine
stromal cells. Further studies found that there were two consen-
sus Runx1 binding motifs in the Cox-2 promoter region (Liu
et al. 2009). Moreover, mutation of the Runx1 consensus se-
quence significantly reduced the agonist-stimulated luciferase
activity of Cox-2 promoter reporter constructs in preovulatory
granulose cells, whereas overexpression of Runx1 increased the
agonist-stimulated Cox-2 promoter activity (Liu et al. 2009).
Meanwhile, in the uterine stromal cells, Runx1 was also capa-
ble of regulating the expression of mPGES-1, which was an
inducible enzyme downstream of Cox-2 in prostaglandin E2
biosynthesis and involved in uterine angiogenesis (Numao
et al. 2011). Collectively, these results indicate that Runx1
may direct uterine angiogenesis by affecting the expression of
Cox-2 and mPGES-1 genes during decidualization. Indeed,
several key observations have supported a role of Runx1 in
angiogenesis including the finding that mice in which the Runx1
gene has been disrupted die in utero with vascular abnormalities
(Okuda et al. 1996; Takakura et al. 2000; Sun et al. 2004;

Athilakshmi et al. 2011). Additionally, extracellular matrix
(ECM) degradation also occurs in the uterus during
decidualization (Dey et al. 2004). Mmps were thought to be
key mediators for ECM degradation, because inhibition of total
Mmp activity could significantly reduce the length and size of
the decidua (Dey et al. 2004; Chen et al. 2009). However, it was
unclear whether Runx1 could mediate the expression of Mmp2
and Mmp9 in the uterus, although Mmp2 and Mmp9 were also
expressed in the decidualized cells (Bany et al. 2000). The pres-
ent data showed that inhibition of Runx1 with specific siRNA
downregulated the expression ofMmp2 but had no effects on the
expression of Mmp9, demonstrating that Runx1 might regulate
the uterine ECM degradation through influencing the expression
of Mmp2 during decidualization.

It is well established that estrogen and progesterone are es-
sential for embryo implantation and decidualization (Dey et al.
2004; Zhang et al. 2013). Estrogen can induce the expression of
Runx1 in the MCF-7 cells and uterine epithelial cells (Giroux
et al. 2008; Wall et al. 2013). Similar results were observed in
ovariectomized mouse uterus and uterine stromal cells. In es-
trogen receptor β (ERβ)-deficient mice, estrogen could still
stimulate the expression of Runx1 (Giroux et al. 2008), indicat-
ing that the stimulation action of estrogen on Runx1 expression
could be dependent on ERα rather than ERβ. Emerging evi-
dence has illustrated that Runx1 might mediate the recruitment
of ERα to enhancer sites of target genes (Stender et al. 2010).
Likewise, progesterone could upregulate the expression of
Runx1 mRNA in ovariectomized mouse uterus and uterine
stromal cells. In conclusion, Runx1 may play an important role
during mouse decidualization.

Fig. 8 Effects of Runx1 on Cox-
2, mPGES-1, Mmp2 and Mmp9
expression. a Effects of Runx1
siRNA on Cox-2 expression.
After transfection with control
siRNA or Runx1 siRNA, Cox-2
mRNA expression was
determined by real-time PCR. b
Effects of Runx1 siRNA on
mPGES-1 expression. c Effects of
Runx1 siRNA on Mmp2
expression. d Effects of Runx1
siRNA on Mmp9 expression
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